NASA  CR-1749A5 


RESEARCH  ON  A TWO-DIMENSIONAL 
INLET  FOR  A SUPERSONIC  V/STOL 
PROPULSION  SYSTEM 


BY  J.L.  MARK,  M.A.  McGARRY  AND  P.V.  REAGAN 


{NASA— C!^-1749A5)  R^SFARCH  ON  A 
TWO-OIMFNS lONAL  INLFT  FOR  A SUPFRSQNIC 
V/STOL  PRf’PULSION  SYSTEM.  APPENDIX  A 

Keport  ..p  - 

Aircr<Tft  Co.)  oou  d 


N9U-1B36^ 


unci Js 
OP7021  d 


MCDONNELL  AIRCRAFT  COMPANY 
MCDONNELL  DOUGLAS  CORPORATION 


This  legend  shall  be  marked  on  any 
Teproduction  of  this  information  in  whole  or  in  part. 


Date  for  general  release:  November  1989 


PREPARED  FOR 

NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION 

rviASA 


NASA  LEWIS  RESEARCH  CENTER 
CONTRACT  NAS3-221S8 


NASA  CR-174945 


RESEARCH  ON  A TWO-DIMENSIONAL 
INLET  FOR  A SUPERSONIC  V/STOL 
PROPULSION  SYSTEM 


BY  J.L.  MARK,  M.A.  McGARRY  AND  P.V.  REAGAN 


MCDONNELL  AIRCRAFT  COMPANY 
MCDONNELL  DOUGLAS  CORPORATION 


This  document  will  remain  under  distribution  limitations  until 
November  1989. 


PREPARED  FOR 

NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION 

MASA 


NASA  LEWIS  RESEARCH  CENTER 
CONTRACT  NAS3-22158 


FOREWORD 


This  report  was  prepared  by  the  McDonnell  Aircraft  Company 
(MCAIR)/  a division  of  the  McDonnell  Douglas  Corporation,  St. 
Louis,  Missouri,  for  the  NASA  Lewis  Research  Center  (LeRC), 
Cleveland  Ohio.  The  study  was  performed  under  NASA  LeRC 
Contract,  NAS3-22158,  "Research  on  A Two-Dimensional  Inlet  for  A 
Supersonic  V/STOL  Propulsion  System".  This  study  was  conducted 
between  September  1979  and  June  1984,  with  Mr.  R.  R.  Burley  and 
Mr.  Al  Johns  as  project  managers. 

The  study  reported  herein  was  conducted  by  the  Engineering 
Technology  Division  of  MCAIR.  In  addition  to  the  authors  listed 
on  the  cover,  several  others  have  made  significant  contributions 
to  the  study.  Messrs.  J.  D.  Flood,  R.  L.  Honse,  anc^  F.  W. 
Livingston  performed  the  detailed  mechanical  design  of  the  inlet 
model.  Messrs.  E.  D.  Spong  and  J.  H.  Kamman  provided  insight  and 
guidance  during  the  aerodynamic  design  of  the  model.  A special 
acknowledgement  is  due  Mr.  P.  E.  Hiley  for  his  review  and 
suggestions  regarding  this  report. 


PRECEDING  PAGE  BLANK  NOT  FILMED 


iii 


TABLE  OF  CONTENTS 


Section  Page 


1.  INTRODUCTION  1 

2.  AERODYNAMIC  DESIGN  OF  THE  INLET  SYSTEM  2 

2.1  SURVEY  OF  INLET  SYSTEM  FEATURES  OF 

FIGHTERS  5 

2.2  SELECTED  INLET  CHARACTERISTICS  11 

2.3  DIFFUSER  DESIGN  FEATURES  15 

2.4  INLET  SIZING • . . . 17 

2.5  AERODYNAMIC  DESIGN  OF  FLOW  IMPROVEMENT 

CONCEPTS 21 

2.5.1  Drooped  Cowl  Lip 22 

2.5.2  Drooping/Translating  Cowl  Lip  ....  25 

2.5.3  Auxiliary  Inlet  Aerodynamic  Design  . 27 

3.  WIND  TUNNEL  MODEL 34 

3.1  INLET  SECTION 35 

3.1.1  Basic  2-D  Inlet  Section 35 

3.1.2  Thick  Lip  Inlet  Section 35 

3.1.3  Vertical  Ramp  Inlet  Section  37 

3.2  FORWARD  AUXILIARY  INLET  SECTION  38 

3.3  DIFFUSER  SECTION  43 

3.4  INTERFACE  FLANGE  43 

4.  MODEL  INSTRUMENTATION  46 

4.1  INLET  SECTION 47 

4.1.1  Basic  2-D  Inlet  Section 47 

4.1.2  Thick  Lip  Inlet  Section 49 

4.1.3  Vertical  Ramp  Inlet  Section  49 

4.2  FORWARD  AUXILIARY  INLET  SECTION  53 

4.3  DIFFUSER  SECTION  53 

4.4  ENGINE  FACE  RAKE 55 

4.5  INSTRUMENTATION  SUMMARY  55 

5.  FACILITY 63 

5.1  MODEL  SUPPORT 64 

6.  WIND  TUNNEL  TEST  RESULTS 66 

6.1  MODEL  ARRANGEMENTS  66 

6.2  THICK  LIP  INLET  ARRANGEMENT  68 

6.2.1  Auxiliary  Inlet  Flow 

Characteristics  71 


IV 


TABLE  OF  CONTENTS  (Concluded) 

Section 

6.3  SHARP-LIP  INLET  CONFIGURATION  86 

6.3.1  Basic  Sharp-Lip  Inlet  Performance  . . 88 

6.3.2  Droop  Lip  Performance 95 

6.3.3  Drooped/Translating  Cowl  Lip  ....  100 

6.3.4  Auxiliary  Inlet  Performance  105 

6.4  VERTICAL  RAMP  INLET  CONFIGURATION  .....  113 

7.  PERFORMANCE  COMPARISON  118 

7.1  THICK  LIP  INLET 118 

7.2  SHARP  LIP  CONFIGURATION 119 

7.3  VERTICAL  RAMP  INLET 123 

7.4  DISTORTION  COMPARISON  124 

8.  CONCLUSIONS 129 

REFERENCES 131 


V 


LIST  OF  ILLUSTRATIONS 


Figure  Page 

1.  Unique  Supersonic  V/STOL  Inert  System 

Requirements  2 

2.  Relative  Inlet  Angle-of-Attack/Yaw  During  VTOL 

Flight/  HOTAL  Configuration  3 

3.  Relative  Inlet  Angle-of-Attack/Yaw  During  VTOL 

Flight/  VATOL  Configuration  3 

4.  Inlet  Design  for  Aircraft  Having  Increased  Static 

and  Low  Speed/High  Angle-of-Attack  Performance 
Requirements  4 

5.  Supersonic  V/STOL  Inlet  System  Model 

Requirements  5 

6.  Review  of  Existing  Supersonic  V/STOL 

Configurations  6 

7 . Northrop  HATOL  Concept  6 

8.  Northrop  VATOL  Concept  7 

9.  Vought  VATOL  Concept  7 

10.  General  Dynamics  HATOL  RALS  Concept  8 

11.  General  Dynamics  HATOL  Ejector-Diffuser  Concept  . 8 

12.  Grumman  HATOL  Concept  9 

13.  Navy  Supersonic  V/STOL  Concept  9 

14.  McDonnell  V/STOL  Conceptual  Design  10 

15.  MCAIR  Supersonic  Merged  Mission  Fighter  Attack 

Conceptual  Design  10 

16.  Summary  of  Resulting  Inlet  Designs  11 

17.  Summary  of  Diffuser  Characteristics  12 

18.  Inlet  Type  vs  Design  Mach  Number 13 

19.  Selected  Inlet  Design  13 

20.  Inlet  Ramp  Schedules  vs  Mach  Number 14 

21.  Advanced  Design  Inlet  Bleed  Flow  Schedules  ...  15 


VI 


LIST  OF  ILLUSTRATIONS  (Continued) 

Figure 

22.  Diffuser  Area  Distributions  

23.  Diffuser  Pressure  Recovery,  Supersonic 

Configuration,  L/D  = 4.98,  Area  Ration  = 1.915  . 17 

24.  Diffuser  Analysis  Results  — Selected  Diffuser  . . 17 

25.  Engine  Corrected  Airflow  Scaled  GE  F404/J7A12  . . 18 

26.  Supersonic  Inlet  Sizing,  Mq  = 1.6 18 

27.  Inlet  Section  Characteristics  19 

28.  Inlet  Stable  Range  Definition  20 

29.  Effects  of  Terminal  Shock  Strength  and  Oblique 

Shock  System  Position  on  Inlet  Stable  Range  ...  20 

30.  Recovery  Estimate  for  2-D  Supersonic  V/STOL  Inlet 

System ^1 

31.  Predicted  Lip  Pressure  Distribution,  40®  Drooped 

Lip  - Static 24 

32.  Predicted  Lip  Pressure  Distribution,  70*  Drooped 

Lip  - Static 24 

33.  Maximum  Lip  Velocity  vs  Droop  Angle  25 

34.  Slat  Optimization,  5 = 40*,  a = 40*,  Uq  = 8 Kts  . 26 

35.  Optimum  Slat  Velocity  Distribution,  a = 40*, 

a = 40*  , Ugj^g  = 3. 37.  ...........  27 

36.  MCAIR  Data  Base  for  Auxiliary  Inlet  Design  ...  28 

37.  Grumman  Data  Base  for  Auxiliary  Inlet  Design  . . 29 

38-  Baseline  ("Port")  Design  Auxiliary  Inlet  ....  29 

39.  Door  Design  Auxiliary  Inlet  30 

40.  Predicted  Lower  Cowl  Velocity  Distribution, 

Baseline  Auxiliary  Inlet,  Static  30 

41.  Predicted  Lower  Cowl  Velocity  Distribution, 

Baseline  Auxiliary  Inlet,  80  Kts,  a = 0*  ....  31 

42.  Predicted  Lower  Cowl  Velocity  Distribution, 

Baseline  Auxiliary  Inlet,  80  Kts,  a = 40*  ....  31 


Vll 


LIST  OF  ILLUSTRATIONS  (Continued) 

Figure  Page 

43.  Predicted  Lower  Cowl  Velocity  Distribution/ 

Door  Auxiliary  Inlet/  Static  32 

44.  Predicted  Lower  Cowl  Velocity  Distribution/ 

Door  Auxiliary  Inlet/  80  KtS/  a = 0 32 

45.  Predicted  Lower  Cowl  Velocity  Distribution/ 

Door  Auxiliary  Inlet/  80  KtS/  a = 40* 33 

46.  Wind  Tunnel  Model 34 

47.  Drooped  Cowl  Lip  Positions 36 

48.  Drooped  and  Translated  Cowl  Lip  - Schematic  of 

Aerodynamic  Surfaces  36 

49.  Thick  Lip  Inlet  Section 37 

50.  Vertical  Ramp  Inlet/  Planview  of  Baseline 

Sideplate  vs  Retracted  Sideplates  38 

51.  Forward  Auxiliary  Inlet  Section  39 

52.  Typical  Auxiliary  Inlet  Assembly/  Top  Auxiliary 

Inlet/  Port  Design 40 

53.  Port  Design  Auxiliary  Inlet/  General  Layout  ...  41 

54.  Cover  Plate  Installation  on  Port  Design  Auxiliary 

Inlet 41 

55.  Door  Design  Auxiliary  Inlet/  General  Layout  ...  42 

56.  Auxiliary  Inlet  Door  Designs  42 

57.  Diffuser  Ramp  Center  Support  for  Supersonic 

Operation 43 

58.  Diffuser  Section/  Left  Side  and  Top  View  Showing 
Instrumentation  Channel  Covers/  Forward  and  Aft 

Faces  44 

59.  Interface  Flange  Section/  Cross-Section  View  . . 45 

60.  Details  of  Instrumentation  Routing  46 

61.  Definition  of  Model  Coordinate  System  47 

62.  Cowl  Sideplate  Instrumentation  48 


viii 


Figure 

63. 

64. 

65. 

66. 

67. 

68. 

69. 

70. 

71. 

72. 

73. 

74. 

75. 

76. 

77. 

78. 

79. 

80. 
81. 
82. 


LIST  OF  ILLUSTRATIONS  (Continued) 


Cowl  Lip  Instrumentation#  Baseline  Lip  . . . . . 

Cowl  Lip  Instrumentation  Routing#  Baseline  Lip 
Configuration  Shown  - Bottom  Cover  Removed  to 
Show  Internal  Instrumentation  Lines  

Cowl  Lip  Instrumentation#  Drooped  and  Translated 
Lip 

Thick  Lip  Inlet  Instrumentation  . 

Forward  Auxiliary  Inlet  Section  Instrumentation# 
Auxiliary  Inlets  Closed  

Auxiliary  Inlet  Instrumentation  

Diffuser  Section  Instrumentation  

Engine  Face  Rake  Arrangement  

Typical  Rake  Leg,  Engine  Face  Rake  Assembly  . . . 

Sheer  View  of  Model  Instrumentation  

Plan  View  of  Model  Instrumentation  

NASA  Lewis  Research  Center  8 x 6 Ft  and  9 x 15  Ft 
Wind  Tunnels  

Schematic  Elevation  View  of  2.72  x 4.58  Meter 
(9  X 15  Ft)  V/STOL  Facility#  Drawing  Not  to 
Scale  

Model  Support  in  9 x 15  Ft  Tunnel  

Thick  Lip  Inlet  Section  Installed  on  Model  . . . 

Test  Matrix  Summary  

Effect  of  Fan  Face  Mach  Number  on  Performance# 
Static  Conditions  

Effect  of  Freestream  Velocity  on  Performance# 
Angle-of-Attack  =0®  

Effect  of  Angle-of-Attack  on  Performance# 

40  Kts  

Effect  of  Angle-of-Attack  on  Performance# 

80  Kts  


Page 

50 

51 

51 

52 

54 

55 
60 
61 
61 
62 
62 

63 

64 

65 
67 

69 

70 

71 

72 
72 


IX 


LIST  OF  ILLUSTRATIONS  (Continued) 

Figure  Page 

83.  Flow  Over  Cowl  Lip  - Thick  Lip  Inlet  Performance/ 

Angle-of-Attack  = 90* 73 

84.  Effect  of  Angle-of-Attack  on  Performance/ 

120  Kts 73 

85.  Auxiliary  Inlet  Airflow  Characteristics  74 

86.  Effect  of  Auxiliary  Inlet  Contraction  Ratio  ...  75 

87.  Effect  of  Auxiliary  Inlet  Contraction  Ratio  ...  76 

88.  Flow  Over  Cowl  Lip  - Thick  Lip  Inlet  Performance/ 

Top  Auxiliary  Inlet  Open  (CR  = 1.893) 77 

89.  Thick  Lip  Inlet  Performance  Top  Auxiliary  Inlet 

Open  (CR  = 1.893) 77 

90.  Thick  Lip  Inlet  Performance  Left  Auxiliary  Inlet 

Open  (CR  = 1.478) 78 

91.  Thick  Lip  Inlet  Performance  Bottom  Auxiliary 

Inlet  Open  (CR  = 1.362) 78 

92.  Thick  Lip  Inlet  Performance  Right  Auxiliary  Inlet 

Open  (CR  = 1.237) 79 

93.  Thick  Lip  Inlet  Performance  Engine  Face  Pressure 

Distribution  - Effect  of  Auxiliary  Inlets  ....  80 

94.  Thick  Lip  Inlet  Performance  Engine  Pace  Pressure 

Distribution  - Effect  of  Auxiliary  Inlets  ....  81 

95.  Thick  Lip  Inlet  Performance  Engine  Face  Pressure 

Distribution  - Effect  of  Auxiliary  Inlets  ....  82 

96.  Thick  Lip  Inlet  Performance  Engine  Face  Pressure 

Distribution  - Effect  of  Auxiliary  Inlets  ....  83 

97.  Effect  of  Auxiliary  Inlet  Design  - Thick  Lip 

Inlet 84 

98.  Thick  Lip  Inlet  Performance/  Effect  of  Auxiliary 

Inlet  Design 85 

99.  Thick  Lip  Inlet  Performance/  Effect  of  Auxiliary 

Inlet  Design 86 


X 


LIST  OF  ILLUSTRATIONS  (Continued) 


Figure 

100. 

101. 

102. 

103. 

104. 

105. 

106. 

107. 

108. 

109. 

110. 

111. 

112. 

113. 

114. 

115. 


Effect  of  Auxiliary  Inlet  Design  on  Engine  Face 
Pressure  Distribution/  Thick  Lip  Inlet  - Left 
Auxiliary  Inlet  Open  

Effect  of  Corner  Fillets  on  Inlet  Performance  . . 

Effect  of  Mass  Flow  on  Sharp  Lip  Baseline 
Performance  

Flow  Over  Cowl  Lip/  Sharp  Lip  Baseline  - Mass 
Flow  Effect  

Sharp  Lip  Inlet  Baseline  Performance  Engine  Face 
Pressure  Distribution  Effect  of  Engine  Face  Mach 
Number  

Effect  of  Angle-of-Attack  on  Sharp  Lip  Baseline 
Performance  

Flow  Over  Cowl  Lip/  Sharp  Lip  Baseline  - Angle- 
of-Attack  Effect  

Sharp  Lip  Inlet  Baseline  Performance  Engine  Face 
Pressure  Distribution  Effect  of  Angle-of-Attack  . 

Effect  of  Freestreara  Velocity  on  Sharp  Lip 
Baseline  Performance  

Flow  Over  Cowl  Lip/  Sharp  Lip  Baseline  — Effect 
of  Freestream  Velocity 

Sharp  Lip  Inlet  Baseline  Performance  Engine  Face 
Pressure  Distribution  Effect  of  Freestream 
Velocity 

Flow  Over  Cowl  Lip/  Sharp  Lip  Baseline  - Effect 
of  Freestream  Velocity  

Sharp  Lip  Inlet  Baseline  Performance  Engine  Face 
Pressure  Distribution  Effect  of  Freestream 
Velocity  

Drooped  Lip  Performance  vs  Inlet  Mass  Flow  . . . 

Flow  Over  Cowl  Lip/  70®  Droop  Lip  - Effect  of 
Mass  Flow  

Effect  of  Drooped  Lip  on  Engine  Face  Pressure 
Distribution  


Page 

87 

88 

89 

90 

90 

91 

91 

92 

92 

93 

93 

94 

94 

95 

96 
96 


XI 


LIST  OF  ILLUSTRATIONS  (Continued) 

Figure  Page 

116.  Drooped  Lip  Performance  vs  Inlet 

Angle-of-Attack  97 

117.  Flow  Over  Cowl  Lip/  70®  Droop  Lip  - Effect  of 

Angle-of-Attack  98 

118.  Flow  Over  Cowl  Lip;  40*  Droop  Lip  - Effect  of 

Angle-of-Attack  98 

119.  Effect  of  Drooped  Lip  on  Engine  Face  Pressure 

Distribution  99 

120.  Effect  of  Drooped  Lip  on  Engine  Face  Pressure 

Distribution  99 

121.  Effect  of  Drooped  Lip  on  Engine  Face  Pressure 

Distribution  100 

122.  Drooped  - Translated  Lip  Schematic  101 

123.  Tranlated  Drooped  Lip 101 

124.  Flow  Over  Cowl  Lip/  Drooped-Translated  Lip  - 

Effect  of  Translation  102 

125.  Flow  Over  Cowl  Lip;  Drooped-Translated  Lip  - 

Effect  of  Translation  102 

126.  Drooped  - Translated  Lip  Performance  Knee  Static 

Pressure  Ratios  103 

127.  40  Deg  Drooped  - Translated  Lip#  Engine  Face 

Pressure  Distribution,  Effect  of  Translation 
Distance 104 

128.  Flow  Over  Cowl  Lip,  Drooped  - Translated  Lip  - 

Effect  of  Angle-of-Attack  104 

129.  40  Deg  Drooped  - Translated  Lip,  Engine  Face 
Pressure  Distribution,  Effect  of 

Angle-of-Attack  105 

130.  Effect  of  Auxiliary  Inlets  on  Inlet  Performance  . 106 

131.  Top  Auxiliary  Inlet  Flow  Characteristics,  All 

Auxiliary  Inlets  Open  (CR  = 1.893) 107 

132.  Left  Auxiliary  Inlet  Flow  Characteristics,  All 

Auxiliary  Inlets  Open  (CR  = 1.478) 107 


Xll 


LIST  OF  ILLUSTRATIONS  (Continued) 

Figure 

133.  Bottom  Auxiliary  Inlet  Flow  Characteristics,  All 

Auxiliary  Inlets  Open  (CR  = 1.362) 108 

134.  Right  Auxiliary  Inlet  Flow  Characteristics,  All 

Auxiliary  Inlets  Open  (CR  = 1.237) 108 

135.  Effect  of  Auxiliary  Inlets  on  Engine  Face 

Pressure  Distribution  109 

136.  Effect  of  Auxiliary  Inlets  on  Inlet  Performance  . 110 

137.  Plow  Over  Cowl  Lip,  All  Auxiliary  Inlets  Open  - 

Effect  of  Angle-of-Attack 110 

138.  Effect  of  Auxiliary  Inlet  Cavities  on  Inlet 

Performance 

139.  Effect  of  Auxiliary  Inlet  Design,  Port  vs  Door  . 112 

140.  Effect  of  Retracted  Sideplates  and  Auxiliary 

Inlets  on  Vertical  Ramp  Inlet  Performance  ....  114 

141.  Effect  of  Retracted  Sideplates  on  Vertical  Ramp 

Inlet  Performance 115 

142.  Effect  of  Retracted  Sideplates  and  Auxiliary 

Inlets  on  Vertical  Ramp  Inlet  Performance;  Engine 
Face  Pressure  Distribution;  Left,  Right,  and  Cowl 
Auxiliary  Inlets  Open HO 

143.  Effect  of  Sideplate  Thickness  on  Vertical  Ramp 

Inlet  Performance 117 

144.  Thick  Lip  Inlet  Static  Performance  119 

145.  Performance  of  Individual  Auxiliary  Inlets  . . . 120 

146.  Effect  of  Auxiliary  Inlet  Design  120 

147.  Sharp  Lip  Inlet  Static  Performance  . 121 

148.  Performance  of  Flow  Improvement  Devices  122 

149.  Performance  of  Drooped  Lips  With  All  Auxiliary 

Inlets  Open 122 

150.  Performance  of  Translated  Lip 123 

151.  Vertical  Ramp  Inlet  Static  Performance  124 


xiii 


LIST  OF  ILLUSTRATIONS  (Concluded) 

Figure  Page 

152.  Effect  of  Retracted  Sideplates  and  Auxiliary 

Inlets  on  Vertical  Ramp  Inlet  Performance  ....  125 

153.  Predicted  Pratt  & Whitney  Distortion  Values  for 

Static  Operation  127 

154.  Predicted  Pratt  & Whitney  Distortion  Values  for 

Operation  at  80  Kts  and  70*  Angle-of-Attack  . . . 128 


xiv 


NOMENCLATURE 


SYMBOL 
Ac,  Acap 

Ai 

Ath 

^thftux 

CR 

Ka2 

L/D 

M 

Mmax 

Mo 

Ml 

M2 

Ps 

Pt 

Pt2 

Pt2/Pt0 

(PT2)aVE 

(Pt2)mAX 

(Pt2)mIN 

RMS 

^eng  face 
Uo 

VsLATmax/'^MAINmax 


DESCRIPTION 

Capture  area 
Inlet  area  (cm^) 

Throat  area  (ctn^) 

Auxiliary  inlet  throat  area  (Cm^) 

Main  inlet  throat  area  (Cm^) 

Contraction  ratio 

P&WA  distortion  descriptor 

Ratio  of  diffuser  length  to  engine  face  diameter 
Mach  number 

Maximum  design  Mach  number 
Freestream  Mach  number 

Mach  number  downstream  of  normal  shock 

Engine  face  Mach  number 

Static  pressure 

Total  pressure 

Engine  face  total  pressure 

Engine  face  total  pressure  recovery 

Average  engine  face  total  pressure 

Maximum  engine  face  total  pressure 

Minimum  engine  face  total  pressure 

Root  mean  square 

Engine  face  velocity 

Freestream  velocity 

Ratio  of  peak  slat  velocity  to  the  peak 
velocity  on  the  main  element 


XV 


NOMENCLATURE  (Concluded) 


DESCRIPTION 

Ratio  of  local  velocity  to  reference  velocity. 
Vref  = freestream  for  wind  on  and  engine  face 
velocity  for  static  operation 

Freestream  velocity 

Mass  flow 


Shock  displacement  ratio 
Angle  of  attack 
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SUMMARY 


A two-dimensional  inlet  for  a supersonic  V/STOL  propulsion 
system  was  designed  and  fabricated  by  MCAIR  under  NASA  Lewis 
Research  Center  (LeRC)  contract  and  was  subsequently  tested  in 
their  Low  Speed  Wind  tunnel. 

The  model  was  configured  for  an  in-depth  study  of  high 
angle-of-attack  performance  improvement  concepts  and  incorporated 
extensive  instrumentation.  Model  scale  (43%  based  on  the  GE  F404 
engine)  was  selected  to  insure  compatibility  with  an  existing 
NASA  LeRC  12  inch  diameter  tip  driven  fan  and/or  the  vacuum  mass 
flow  system.  The  large  size  also  provided  ample  room  for  the 
extensive  flow  field  diagnostic  instrumentation.  The  model  was 
delivered  with  the  following  features:  a 40®  and  a 70®  droop 

lip/  a 40®  droop  lip  translated  forward  2,  4/  and  6 inches/  a 

forward  auxiliary  section  with  an  auxiliary  inlet  on  each  of  the 
four  sides;  varying  in  thickness  from  4.90  to  1.16  inches;  an 
internal  auxiliary  inlet  door  for  the  left  side  of  the  auxiliary 
inlet  section;  and  a variable  second  compression  ramp  and 
subsonic  diffuser  ramp. 

The  auxiliary  inlets  and  the  droop  lip  were  designed  to 
improve  low  speed  performance  by  controlling  the  separation  over 
the  sharp;  2-D  supersonic  lip.  Auxiliary  inlets  decrease  the 
mass  flow  over  the  lip;  thus  reducing  the  peak  velocity.  The 
droop  lip  aligns  the  lip  with  the  incoming  flow;  which  reduces 
local  velocities  as  the  flow  accelerates  around  the  lip. 

Under  separate  activity,  NASA  LeRC  also  fabricated  cut-back 
cowl  sideplates;  auxiliary  inlet  cover  plates;  sideplates  for  the 
auxiliary  inlet  door;  internal  corner  fillets;  and  an 
axisymmetric  thick  lip  inlet  section  for  the  model. 
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The  model  was  tested  in  the  NASA  LeRC  9x15  ft  low  speed  wind 
tunnel.  Tests  were  conducted  over  a range  of  inlet  mass  flow  at 
0 to  120  knots  freestream  velocity  and  0-110  degrees  angle  of 
attack.  Test  configurations  were  selected  to  provide  a 

parametric  investigation  of  the  performance  increments  associated 
with  several  flow  improvement  concepts.  These  concepts  included 

o droop  lip  angle 

o auxiliary  inlets 

o auxiliary  inlet  design  variables 

o auxiliary  inlet  contraction  ratio 

o auxiliary  inlet  cavities 

o drooped  lip  translation 
o vertical  ramp  inlet  configuration 

The  performance  of  these  configurations  was  compared  to  the 
performance  of  two  baseline  inlet  configurations.  The  first  is  a 
conventional  supersonic  2-D  inlet  with  a fixed  sharp  lip  and  the 
second  is  an  axisymmetric  thick  lip  inlet.  The  former  provides 
performance  data  on  a conventional  supersonic  inlet  while  the 
latter  provides  a performance  benchmark  for  low  speeds  because  of 
its  high  contraction  ratio  (1.47)  and  resulting  elimination  of 
lip  losses. 

The  performance  data  show  the  70"  droop  to  be  the  most  effec- 
tive flow  improvement  concept/  having  performance  that  approaches 
the  thick  lip  baseline  performance.  Even  at  110"  angle  of  attack 
the  70"  droop  lip  maintains  attached  flow  over  the  cowl  lip.  The 
auxiliary  inlets  and  the  40"  droop  lip  had  slightly  lower  perform- 
ance and  exhibited  more  sensitivity  to  angle  of  attack. 

Auxiliary  inlet  performance  was  found  to  be  a strong 
function  of  contraction  ratio.  Their  performance  sensitivity  to 
angle-of-attack  was  improved  using  internal  doors  to  direct  the 
entering  flow.  Forward  translation  of  the  drooped  cowl  lip/ 


XVI 11 


i.e./  a lip  slat/  decreased  performance  from  the  untranslated/ 
drooped  level.  This  was  a direct  result  of  flow  separation  over 
the  slat  ”knee”  which  was  exposed  to  the  flow  as  the  lip  is 
translated  forward.  Knee  separation  increased  as  translation 
distance  was  increased. 

The  performance  of  the  2-D  inlet/  tested  with  the  ramps 
vertical/  i.e./  rotated  90  degrees,  was  found  to  be  very 

sensitive  to  angle  of  attack.  Performance  levels  can  be 
significantly  increased  by  removing  the  sideplates  and  blunting 
the  leading  edge  of  the  windward  cowl.  Additional  performance 
gains  were  obtained  by  opening  auxiliary  inlets. 


XIX 


1.  INTRODUCTION 


The  unique  inlet  system  performance  requirements  associated 
with  supersonic  V/STOL  aircraft  place  extreme  demands  on  the 
inlet  designer.  The  inlet  must  not  only  perform  well  at  super- 
sonic speeds  but  also  must  exhibit  high  performance  at  static  and 
subsonic/high  angle  of  attack  flight  conditions.  High 
performance  at  low  speeds  usually  dictates  high  contraction 
ratios  or  thick  lips/  which  are  unacceptable  at  supersonic  speeds 
due  to  large  drag  penalties. 

The  present  effort  makes  maximum  use  of  flow  improvement 
techniques,  proven  for  high  subsonic  maneuvering  flight 
(References  1 and  2)  and  adapts  these  to  the  critical  static  and 
low  speed/high  angle-of-attack  flight  regime  of  the  supersonic 
V/STOL  aircraft.  Variable  geometry  concepts  were  designed  and 
incorporated  into  a large  scale  model  (43  percent  based  on  the  GE 
F404  engine)  of  a 2-D  supersonic  V/STOL  inlet  system.  Subsequent 
low  speed  testing  at  NASA  Lewis  identified  those  concepts  showing 
the  most  promise.  These  concepts  thus  provide  a means  to  meet 
the  unique  inlet  performance  requirements  of  supersonic  V/STOL 
aircraft,  maintaining  high  performance  levels  at  both  subsonic 
and  supersonic  speeds. 

This  report  contains  an  analysis  section  and  a major 
appendix.  The  former  contains  a description  of  the  aerodynamic 
design,  model  characteristics,  data  analysis,  discussion,  and 
conclusions  concerning  the  most  promising  inlet  design 
approaches.  The  appendix  contains  the  reduced  wind  tunnel  data 
plots  and  pressure  distributions. 


1 


2.  AERODYNAMIC  DESIGN  OF  THE  INLET  SYSTEM 


The  viability  of  supersonic  V/STOL  aircraft  is  strongly 
dependent  on  the  propulsion  system  in  general  and  in  particular 
the  inlet  system.  Inlet  system  requirements  associated  with 
supersonic  V/STOL  aircraft  are  shown  in  Figure  1.  High  inlet 
performance  is  required  over  the  complete  flight  envelope/  but 
the  most  demanding  inlet  system  performance  requirements  are 
associated  with  static  and  low  speed  operation.  At  vertical  lift 
off  or  descent/  high  inlet  system  recovery  is  required  to 
maximize  payload  capability.  In  addition/  during  the  transition 

flight  phase  between  wing-borne  and  thrust  supported  operation/ 
the  angle-of-attack  experienced  by  the  inlet  system  may  be  very 
large  as  shown  in  Figures  2 and  3.  Both  horizontal  attitude 
takeoff  and  landing  (HATOL)  and  vertical  attitude  takeoff  and 
landing  (VATOL)  configurations  may  experience  angles-of-attack/ 
yaw  of  90  degrees  during  selected  portions  of  their  flight 
envelope. 


• STATIC 

— VERY  HIGH  RECOVERY 
— LOW  DISTORTION 
— 2 - 3%  DESIGN  TOGW 
INCREASE  FOR  1%  LESS 
RECOVERY 


• LOW  SPEED 

- HIGH  RECOVERY 
— LOW  DISTORTION 

- HIGH  a,  < 90* 

- HIGH  /3,  < 90” 


• HIGH  SPEED 

— HIGH  RECOVERY 
— LOW  DISTORTION 
— VCE  REQUIREMENTS 
— MODERATE  a,  < 40” 
— MODERATE  /3,  < 15” 
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Figure  1.  Unique  Supersonic  V/STOL  Inlet  System  Requirements 
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VELOCITY 


Figure  2.  Relative  Inlet  Angle-of-Attack/Yaw  During  VTOL  Flight 

HOTAL  Configuration 


RELATIVE  WIND 
VELOCITY 


QP4Va20*-M 


Figure  3.  Relative  Inlet  Angle-of-Attack/Yaw  During  VTOL  Flight 

VATOL  Configuration 
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It  is  apparent  from  the  unique  operating  conditions  placed 
on  the  inlet  system  that  there  is  a critical  need  for  flow 
improvement  devices  in  the  inlet  system.  These  devices  are 
designed  to  attack  the  basic  inlet  flow  problem  at  these  flight 
conditions  which  is  cowl  lip  separation/  Figure  4.  Candidate 
flow  improvement  devices  include  auxiliary  inletS/  variable 
geometry  cowl  lip  (e.g.,  a lip  slat  or  flap)  and  other 
active/passive  boundary  layer  control  techniques. 


• AIRCRAFT  CATEGORIES 

- STOL 
— V/STOL 

- HIGHLY  MANEUVERABLE  AIRCRAFT 

• PROBLEM  - LOWER  COWL  LIP  SEPERATION 

• SOLUTION  - UNLOAD  COWL  LIP 

STATIC  LOW  SPEED/HIGH  ANGLE  OF  ATTACK 


Figure  4.  Inlet  Design  for  Aircraft  Having  Increased  Static  and  Low  Speed/High 
Angle-of-Attack  Performance  Requirements 


These  flow  improvement  techniques  along  with  the  other  inlet 
system  model  requirements/  Reference  3,  are  summarized  in  Figure 
5.  Satisfying  these  requirements  in  a single  supersonic  inlet 
system  model  is  a formidable  task  and  required  the  aerodynamic 
design  to  be  based  on  a broad  representation  of  advanced  super- 
sonic V/STOL  conf iguration/integration  features.  Therefore/  the 
aerodynamic  design  activity  was  based  on  the  following  steps; 


4 


o Survey  Inlet  System  Features  of  Advanced  Supersonic 
V/STOL  Fighters 

o Select  Compression  System  Design  Features 
o Determine  Diffuser  Design  Features 
o Size  the  Selected  Inlet  System 

o Aerodynamical ly  Design  the  Flow  Improvement  Concepts 


- Droop  Lip 

- Lip  Slat 

- Auxiliary  Inlets 


MODEL  CHARACTERISTICS 

• TRUE  PARAMETRIC  MODEL 

• VERY  HIGH  QUALITY 

• EXTERNAL  NL  IMPORTANT 

• SEALS 

LIP/SIDE  PLATE  TREATMENTS 

• DROOPING  LIP 

• TRANSLATING  LIP 

• INFLATABLE  LIP 

• ACTIVE  BLC 

• LATERAL  SIDEPLATE 
BLOWING 


-2-0  AUXILIARY 


ROUND  AUXILIARY 
INLET  SECTION 

_ EXISTING  NASA 
HARDWARE 


FORWARD  AUXILIARY  INLET  SECTION 

• VARIABLE  AUXILIARY  INLET  AREA 

• LOCATION;  TOP,  BOTTOM,  SIDES 

• ACTIVE/ PASSIVE  FLOW  CONTROL 


DIFFUSER  SECTIONS 

• (4)  REQUIRED 

• LONG/SHORT  STRAIGHT 

• LONG/SHORT  OFFSET 

• SHORT  HAVE  ACTIVE/ 
PASSIVE  BLC 

• LONG  STRAIGHT 
FABRICATED 


12  IN.  TDI  FAN 

• 8 LEG  40  SS  TOTALS 

• FLOW  ANGULARITY 

• 8 DYNAMIC  TOTALS 

• FAN  BLADE  STRESS 


AFT  AUXILIARY  INLET  SECTION 
(DESIGN  ONLY) 

• VARIABLE  AUXILIARY  INLET  AREA 

• LOCATION;  TOP,  BOTTOM.  SIDES 

• ACTIVE/ PASSIVE  FLOW  CONTROL 


Figure  5.  Supersonic  V/STOL  Inlet  System  Model  Requirements 


2.1  SURVEY  OF  INLET  SYSTEM  FEATURES  OF  FIGHTERS-  A review  of 
advanced  supersonic  V/STOL  configurations  was  conducted  to 
determine  the  characteristic  inlet  system  features.  The 

configurations  reviewed  are  shown  in  Figures  6 through  15  and 
discussed  in  References  4 through  6.  The  inlet  system  features 
identified  in  this  survey  are  summarized  in  Figure  16.  In 
general/  the  inlet  systems  were  designed  for  a Mach  1.6  dash 
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requirement/  with  a maximum  Mach  number  capability  of  Mach  1. 
greater.  The  majority  of  the  inlet  systems  were  of 
two-dimensional/  overhead  ramp  type. 


— NORTHROP  HATOL  (RALS) 

— NORTHROP  VATOL  (RALS) 

— VOUGHT  VATOL  (RALS) 

— GENERAL  DYNAMICS  EJECTOR-DIFFUSER  HATOL 

— GENERAL  DYNAMICS  HATOL  (RALS) 

— GRUMMAN  HATOL  (RALS) 

— NAVY  CONCEPTUAL  DESIGN  HATOL  (LIFT  ENGINES) 

— MCAIR  CONCEPTUAL  DESIGN  HATOL  (PCB) 

— MCAIR  MERGED  MISSION  HATOL  DESIGN  (PCB) 

GP43-0208-37 

Figure  6.  Review  of  Existing  Supersonic  VfSTOL  Configurations 


COMPARATIVE  MODEL  ARRANGEMENT 
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Figure  7.  Northrop  HATOL  Concept 


8 or 
the 
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Figure  9.  Vought  VATOL  Concept 
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COMPARATIVE  MODEL  ARRANGEMENT 
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Figure  10.  General  Dynamics  HATOL  RALS  Concept 


COMPARATIVE  MODEL  ARRANGEMENT 
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Figure  11.  General  Dynamics  HATOL  Ejector-Diffuser  Concept 


COMPARATIVE  MODEL  ARRANGEMENT 


Figure  12.  Grumman  HATOL  Concept 


COMPARATIVE  MODEL  ARRANGEMENT 
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Figure  13.  Navy  Supersonic  V/STOL  Concept 


COMPARATIVE  MODEL  ARRANGEMENT 


QP434)209-45 


Figure  14.  McDonnell  V/STOL  Conceptual  Design 


COMPARATIVE  MODEL  ARRANGEMENT 


Figure  15.  MCAIR  Supersonic  Merged  Mission  Fighter  Attack  Conceptual  Design 


10 


CONFIGURATION 

INLET 

TYPE 

CAP 

K 

THROAT 

1 . NORTHROP  HATOL, 
RALS,  SIDE 
MOUNTED 

2-D  OVERHEAD 
SINGLE  RAMP 
FIXED  GEOMETRY 

1.125 

2.  NORTHROP  VATOL, 
RALS,  TOP 
MOUNTED 

2-D,  LOWER 
SINGLE  RAMP 
FIXED  GEOMETRY 

0.600 

0.500 

3,  G.D.  EJECTOR/ 
DIFFUSER  HATOL 

AXISYMMETRIC 
NORMAL  SHOCK 

— 

4.  G.D.  RALS  HATOL 
MID  STRAKE 

AXISYMMETRIC 
NORMAL  SHOCK 

— ■ 

5.  VOUGHT  VATOL 
RALS  SIDE 
MOUNTED 

2-D  OVERHEAD 
DOUBLE  RAMP 
FIXED  GEOMETRY 

1.500 

1.124 

6.  GRUMMAN  HATOL  2-D  OVERHEAD  1 670  0.730 

DOUBLE  RAMP 
FIXED  GEOMETRY 


7.  NAVY  HATOL 
CONCEPT 


8.  MCAIR  HATOL 
CONCEPTUAL 
DESIGN 


2-D  OVERHEAD 
SINGLE  RAMP 
FIXED  GEOMETRY 

2-D  OVERHEAD 
DOUBLE  RAMP 
VARIABLE  GEOMETRY 


9 MCAIR  HATOL 
MERGED  MISSION 
CONCEPT 


2-D  OVERHEAD 
DOUBLE  RAMP 
VARIABLE  GEOMETRY 


«i 

(DEG) 

&2 

(DEG) 

M 

DASH 

M 

DESIGN 

^AUX^^CAP 

^CAP 
(IN. 2) 

7 

— 

1.6 

1.8 

0.743 

871 

7 

— 

1.6 

2.0 

0.940 

715 

— 

— 

1.6 

1.6 

0.540 

700 

— 

— 

1.6 

1.6 

0.540 

700 

8 

3 

1.6 

2.5+ 

DROOPING 

555 

LIP 

MENTIONED 

NO  AUX 
INLETS 
SHOWN 

7 

7 

1.6 

2.0 

1.000 

821 

— 

16 

— 

— 

— 

8 

15 

18 

2.2 

— 

— 

8 

15 

1.8 

2 2 

..... 

— 

QP43-020M7 


Figure  16.  Summary  of  Resulting  Inlet  Designs 


Dxffusec  charactef  istics  ftrora  these  advanced  supersonic 
V/STOL  configurations  are  summarized  in  Figure  17.  The  diffusers 
represent  a wide  range  of  length  and  offset  to  diameter  ratios. 
Lengths  vary  from  approximately  1.75  to  5.2  diameters  while 
offsets  range  from  zero  to  0.63  diameters. 


2.2  SELECTED  INLET  CHARACTERISTICS  - There  are  four  major  inlet 
design  variables  that  must  be  selected  in  the  design  of  a 
supersonic  inlet  system,  maximum  Mach  number,  inlet  type, 

boundary  layer  bleed,  and  cowl  lip  shape.  The  majority  of  the 
surveyed  supersonic  inlet  .systems  had  a maximum  Mach  number 
capability  of  1.8  or  greater.  This  in  conjunction  with  results 
of  MCAIR  in-house  studies  and  contracted  programs  conducted  for 
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the  U.^: 

^ . Na  vy 

(References 

5 and 

number 

of  2.2 

would  resu 

It  in 

appl ica 

\)i  1 i ty 

to  current 

and  f 

tions. 

t)  indicated  that  a maximum  Mach 
an  inlet  system  having  a broad 
uture  advanced  V/STOL  configura- 


DIFFUSER  0-4 
OFFSET/ 
ENGINE 
FACE 

DIAMETER  0.2 


Legend: 

O Northrop  HATOL 
Northrop  VATOL 
G.D.  ejector/diffuser  HATOL 
G.D.  RALS  HATOL 
Vought  VATOL 
Grumman  HATOL 
MCAIR  conceptual  HATOL 
MCAIR  merged  mission  HATOL 
Non-diffusion  plane  offset 
Diffusion  plane  offset 


2 4 6 8 

DIFFUSER  LENGTH/ENGINE  FACE  DIAMETER 
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Figure  17.  Summary  of  Diffuser  Characteristics 


Inlet  type  is  a strong  function  of  maximum  Mach  number  as 
shown  in  Figure  IS  which  lists  the  different  external  compression 
inlet  types  and  their  general  maximum  [lacli  number  capability. 
The  listed  ^‘^rnax  based  on  recovery  and  indicates  the 

approximate  Hach  number  at  which  the  recovery  improvement  of  a 
more  sophis tica ted  inlet  would  more  than  offset  the  increased 
complexity  and  weight.  Thus^  a t\;o-dimensional  overhead  ramp 

inlet  having  two  compression  ramps  was  selected  as  the  building 
block  of  the  supersonic  V/STOL  inlet  system/  Figure  19.  The 

first  ramp  is  fixed  at  8®  and  the  second  ramp  compression  is 
variable  from  0®  to  15®  as  shown  in  Figure  20.  The  ramp 

schedules  were  selected  to  achieve  near  maximum  recovery  from 

Mach  1.4  to  flach  2.2  with  the  nominal  "shocks  on  lip"  condition 
occurring  at  Mach  2.2. 
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DESIGN  MACH  NUMBER 
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Figure  20.  Inlet  Ramp  Schedules  vs  Mach  Number 


Consistent  with  the  near  maximum  recovery  scheduling  of  the 
ramp  system,  the  inlet  has  boundary  layer  bleed  incorporated  into 
the  second  ramp  surface,  the  throat  slot,  and  the  sideplates. 
This  will  minimize  any  adverse  effects  of  normal  shock/boundary 
layer  interactions  and  insure  that  normal  shock  movement  with 

inlet  mass  flow  ratio  will  not  degrade  the  inlet  flow  field.  The 
total  bleed  incorporated  into  the  inlet  system  is  compared 

against  advanced  inlet  design  bleed  schedules  in  Figure  21. 
These  bleed  schedules  are  based  on  our  extensive  background  in 

inlet  design  for  the  F-4,  F-15,  and  F-18  aircraft.  Also  shown  is 

the  bleed  schedule  for  the  F-18  inlet  system. 

The  cowl  lip  incorporated  into  the  inlet  is  based  on  the 

F-15  inlet  cowl  lip.  This  particular  lip  shape  has  demonstrated 
outstanding  transonic  maneuvering  capabilities  in  conjunction 
with  low  supersonic  drag  characteristics. 
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FiguTB  21.  Advsnced  Design  Inlet  Bleed  Flow  Schedules 


2.3  DIFFUSER  DESIGN  FEATURES  - The  diffuser  that  was  incorpo- 
rated into  the  inlet  system  had  a length  of  4.94  diameters  with 
no  offset.  Area  distributions  for  both  the  maximum  Mach  number 
and  low  speed  inlet  configurations  are  shown  in  Figure  22.  The 
diffuser  selection  was  based  on  two  important  considerations. 
First  a major  goal  of  the  program  was  to  evaluate  and  generate  a 
data  base  for  inlet  systems  and  flow  improvement  concepts  that 
satisfied  the  demanding  static  and  subsonic  high  angle-of-attack 
requirements  associated  with  V/STOL  aircraft.  Therefore/  any 
performance  problems  associated  with  the  diffuser  because  of 
length  or  offset  would  only  serve  to  detract  from  the  goal.  The 
selected  diffuser  does/  however/  fall  into  the  regime  of  those 
designs  associated  with  advanced  supersonic  V/STOL  aircraft. 
Secondly,  the  impact  of  diffuser  length  and/or  offset  would  best 
be  studied  under  an  add-on  or  extension  to  the  present  effort. 
Its  impact  on  a preferred  flow  improvement  concept  could  then  be 
properly  assessed. 
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Figure  22.  Diffuser  Area  Distributions 


An  extensive  analysis  of  the  selected  diffuser  design  was 
performed  using  the  MCAIR  Diffuser  Analysis  Procedure  (DAP)/ 
Reference  7.  This  procedure  is  a coupled  viscous/inviscid  analy- 
sis which  simultaneously  solves  both  the  potential  core  flow  and 
boundary  layer  flow  equations  in  a strearawise  marching  procedure. 
Solutions  include  diffuser  total  pessure  recovery#  static 
pressure  distributions#  and  both  separation  location  and  extent. 
Predicted  diffuser  performance  for  the  Mach  2.2  area  distribution 
is  shown  in  Figure  23  as  a function  of  throat  Mach  number. 
Diffuser  recoveries  of  0.985  are  predicted  for  95  percent 
critical  inlet  operation.  Predicted  diffuser  performance  for 
both  the  high  and  low  speed  area  distributions  is  summarized  in 
Figure  24.  The  diffuser  is  separation  free  over  the  complete 
inlet  Mach  number  and  mass  flow  operating  envelope. 
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THROAT  MACH  NUMBER,  MjhroaT 

Figure  23.  Diffuser  Pressure  Recovery 

Supersonic  Configuration  L/D  = 4.98  Area  Ratio  = 1.915 


• SUPERSONIC  CONFIGURATION  - AREA  RATIO  = 1.915 

- SEPARATION  FREE 

- 0.55  < Mthroat  < 0-85 

- 4%  BLOCKAGE 

— Pt2^PthR0AT=  8-889  AT  Mjhroat  = 8-88 

• SUBSONIC  CONFIGURATION  - AREA  RATIO  = 1.205 

— SEPARATION  FREE 

- 0.55  < Mthroat  < 0-85 

- 4%  BLOCKAGE 

— Pth RO AT  = 8-987  AT  M-throat  = 8.65 

^ QP43-020MS 

Figure  24.  Diffuser  Analysis  Results  - Selected  Diffuser 

2.4  INLET  SIZING  - Inlet  sizing  was  performed  using  established 
sizing  procedures  and  airflow  allowances  that  were  developed  as  a 
result  of  the  F-4,  F-15/  and  F-18  inlet  .system  development 
efforts.  The  airflow  schedules  used  in  sizing/  Figure  25/  are 
representative  of  both  a scaled  GE  F404  engine  and  a P&WA  FlOO 
engine.  These  engines  represent  current  high  technology  design 
and  power  many  of  our  first  line  fighter  aircraft. 
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25 


CORRECTED 
AIRFLOW  20 

LB/SEC 

15 


10  I ^ 1 ^ ^ 1 1 

0 1.0  1.2  1.4  1.6  1.8  2.0  2.2 

MACH  NUMBER,  M^ 

OP434»0»4« 

Figure  25.  Engine  Corrected  Airflow  Scaled  GE  F404/J7A12 

Inlet  sizing  for  the  GE  engine  is  summarized  in  Figure  26. 
The  inlet  sized  at  Mach  1.6  with  a required  capture  area  of  823.2 
cm2  (127.6  in2).  Capture  area  requirements  for  the  individual 

airflows  are  provided  to  illustrate  the  buildup  of  the  total 
required  capture  area. 


Figure  26.  Supersonic  Inlet  Sizing 

Mo=1.6 
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The  inlet  was  also  sized  for  the  P&WA  FlOO  engine  to  ensure 
that  the  resulting  inlet  performance  data  could  be  applied  to 
engines  representative  of  either  manufacturer.  The  resulting 
model  scale  was  approximately  35  percent,  which  was  based  on  the 
required  capture  area  at  Mach  2.2. 

Inlet  geometric  characteristics  have  been  selected  to  insure 
that  the  two  oblique  and  terminal  nominal  shock  waves  intersect 
slightly  ahead  and  below  the  cowl  lip  highlight  at  Mach  2.2.  The 
intersection  point,  shown  in  Figure  27,  was  selected  to  ensure 
sufficient  inlet  stable  range,  defined  in  Figure  28,  at  the 

maximum  operating  Mach  number.  Predicted  stable  range  for  the 

2— D V/STOL  supersonic  inlet  is  shown  in  Figure  29.  Using  a 

correlation  of  normal  shock  strength  versus  shock  displacement 
ratio  from  three  ramp  inlet  test  data,  the  current  two  ramp  inlet 
has  a predicted  stable  range  of  approximately  25  percent.  This 

is  more  than  sufficient  to  permit  buzz  free  inlet  operation  at 
Mach  2.2  over  a wide  airflow  variation. 


1.00 
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Figure  28.  Inlet  Stable  Range  Definition 
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Figure  29.  Effects  of  Terminal  Shock  Strength  and  Oblique  Shock  System  Position 

on  Inlet  Stable  Range 


Predicted  perforniance  for  the  2— D supersonic  V/STOL  inlet 
model  at  zero  degrees  angle-of-attack  is  shown  in  Figure  30, 
Performance  levels  are  typical  of  an  advanced  high  performance 
supersonic  inlet  system.  The  lip  losses  in  the  Mach  0 to  Mach 
0.6  regime  are  typical  of  those  associated  with  the  selected  F-15 
type  of  lip  contour.  There  is  a dramatic  fall  off  in  recovery  at 
static  and  low  speed  operation.  Thus/  to  achieve  the  required  95 
to  98  percent  recovery  levels/  flow  improvement  concepts  must  be 
incorporated  into  the  inlet  to  minimize  the  lip  losses. 


Figure  30.  Recovery  Estimate  for  2-D  Supersonic  V/STOL  Inlet  System 

a = 0°  GE  F404/J7A12  Altitude  = 36,089  Ft 


2.5  AERODYNAMIC  DESIGN  OF  FLOW  IMPROVEMENT  CONCEPTS  - Three  flow 
improvement  concepts  were  aerodynaraically  designed  for  incorporat- 
ing into  the  2-D  supersonic  V/STOL  inlet  system  model.  These 
included:  1)  a drooped  cowl  lip  or  lip  flap/  2)  a drooped/ 

translated  cowl  lip  or  lip  slat/  and  3)  auxiliary  inlets.  All 
three  concepts  are  intended  to  alleviate  the  losses  associated 
with  flow  separation  around  a sharp  supersonic  inlet  lip  at 
static  and  low  speed/high  angle  of  attack  operation.  The  lip 
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flap  and  slat  align  the  lip  more  closely  with  the  approaching 
flow/  thus  reducing  the  peak  velocity  on  the  lip  and  the  associ- 
ated separation  losses.  In  addition/  the  lip  slat  results  in  a 
high  energy  potential  core  flow  to  reduce  separation  on  the  knee 
segment  of  the  lip.  Statically/  they  provide  a closer  approxi- 
mation to  a bellraouth  shape  for  the  lower  cowl  lip. 

Auxiliary  inlets  improve  static  and  low  speed/high  angle  of 
attack  performance  by  reducing  the  amount  of  airflow  around  the 
main  inlet  lip.  This  results  in  reduced  lip  velocities  and 
corresponding  separation  losses. 

2.5.1  Drooped  Cowl  Lip  - The  aerodynamic  design  of  the 

drooped  cowl  lip  was  based  on  a balance  between  reduced  lip 
losses  due  to  reduced  peak  velocities  on  the  lip  and  minimizing 
lip  knee  separation.  The  knee  is  the  circular  arc  segment  of  the 
inlet  that  is  exposed  to  the  flow  as  the  lip  is  drooped.  The 

design  utilized  available  data/  References  2 and  3/  in  conjunc- 
tion with  predictions  from  a 2-D  potential  flow  design/analysis 
procedure/  Reference  8.  This  MCAIR  developed  potential  flow 

analysis  models  the  inlet  using  surface  panels  with  either  source 
or  sink  singularities  located  at  the  panel  centroids.  Engine 
face  velocity  is  specified  using  sinks  located  at  the  engine 
face. 


Design  conditions  for  the  flow  improvement  concepts  were 
selected  by  NASA  and  MCAIR  and  are  summarized  below.  These 

corresponded  to  a flight  condition  of; 

o Maximum  Engine  Airflow  (26.77  Ib/sec)  (model  scale) 
o 80  Knots  Freestream  Velocity 
o 40®  Angle-Of-Attack 
o 0*  Sideslip 

The  potential  flow  analysis  was  based  on  a set  of  design 
conditions  corresponding  to  those  given  above.  In  potential  flow 
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methods/  the  frees tream  velocity  is  usually  assumed  to  be  unity. 
Therefore  to  properly  simulate  the  engine  airflow  the  engine  face 
velocity  was  set  equal  to  3.37.  These  conditions  are  summarized 

below: 

o Freestream  Velocity  = Unity 
o Engine  Face  Velocity  = 3.37 
o Angle-of-Attack  = 40® 
o Angle-of-Sideslip  = 0® 

Predicted  potential  flow  pressure  distributions  for  a 40®  and 
70®  drooped  lip  are  shown  in  Figures  31  and  32  for  static  inlet 
operation.  Both  droop  angles  were  very  effective  in  reducing  the 
peak  lip  velocity/  with  the  70®  droop  lip  resulting  in  a factor 
of  2 reduction  compared  to  the  zero  degree  droop.  A qualitative 
performance  guideline  was  developed  by  correlating  the  maximum 
velocity  on  the  F-15  cowl  lip  at  Mach  0.6  with  Inlet  performance 
data.  It  was  found  that  a maximum  lip  velocity  ratio  (V/Veng- 
-Face)  of  6 corresponded  to  approximately  a 1.5  percent  loss  in 
recovery  attributed  to  lip  separation.  This  represented  a 
reasonable  design  goal/  particularly  at  the  high  angles-of-a ttack 
selected  for  the  design  condition  and  has  been  utilized  to  select 
the  lip  droop  angles. 

Using  the  potential  flow  procedure/  the  maxium  lip  velocity 
ratios  were  calculated  as  a function  of  angle  of  attack  and  lip 
droop  angle/  Figure  33.  The  velocity  ratio  of  approximately  6.2 
was  used  to  select  the  droop  angles  for  the  lip.  Analysis  of  the 
predicted  velocity  ratios  indicates  that  a 40  degree  drooped  lip 
would  be  satisfactory  for  the  40  degree  angle  of  attack  design 
point.  In  addition/  a 70  degree  droop  lip  was  selected  to 
provide  maximum  performance  gains  at  the  higher  angles— of— attack/ 
e.g./  up  to  90®.  The  70®  drooped  lip  also  closely  approximates  a 
bellraouth  shape  for  the  lower  cowl  lip  region  and  thus  should 
provide  significant  recovery  improvements  at  static  operation. 
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Figure  31.  Predicted  Lip  Pressure  Distribution 

40“  Drooped  Lip  - Static 


FUSELAGE  STATION,  X - IN. 

Figure  32.  Predicted  Lip  Pressure  Distribution 

70“  Drooped  Lip  - Static 
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Figure  33.  Maximum  Lip  Velocity  vs  Droop  Angle 


The  40®  and  70®  droop  angles  represented  the  proper  balance 
between  maximutn  lip  velocity  reduction  and  the  potential  for  flow 
separation  occurring  at  the  lip  "knee".  Lip  knee  separation  will 
start  to  degrade  the  overall  performance  benefits  associated  with 
the  drooped  lip  if  the  droop  angles  are  too  large. 

2.5.2  Drooping/Translatinq  Cowl  Lip  - Additional  performance 
improvements  were  thought  possible  with  a drooped  translating 
lower  cowl  lip/  i.e.  / a lip  slat.  The  slat  gap#  i.e.  # spacing 
between  the  translated  lip  and  the  main  inlet#  was  determined 
using  the  previously  defined  2-D  potential  flow  analysis  proce- 
dure. A similar  study  for  an  axisymmetric  inlet#  Reference  9# 
found  that  the  optimum  slat  position#  i.e.#  translation  distance# 
corresponded  to  equal  slot  gap  peak  velocities  on  both  the  slat 
and  the  main  inlet  section.  Thus#  this  same  technique  was 

utilized  here  to  optimize  the  gap  for  a lip  slat  having  40 
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degrees  of  deflection.  The  slat  gap  was  varied  until  the 
computed  maximum  peak  velocities  were  equal/  Figure  34.  This 
corresponded  to  a gap  of  approximately  4 inches/  which  is  large 
for  a wing  leading  edge  slat  but  very  close  to  the  results 
obtained  in  the  Reference  9 study.  The  slat  and  main  inlet 
section  pressure  distributions  for  the  optimum  translated  lip 
position  are  shown  in  Figure  35. 


Ax  - IN. 


QP4M20t-7K 


Figure  34.  Slat  Optimization 

5 = 40°  a = 40° 

Uq  = 80  Kts 
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Figure  35.  Optimum  Slat  Velocity  Distribution 

O' =40°  5 = 40°  Ugng  Pace  = 3.37 

2.5.3  ftuxiliary  Inlet  Aerodynamic  Design  - The  aerodynamic 
design  of  the  auxiliary  inlets  focused  on  defining  the  amount  of 
auxiliary  inlet  area  required  and  the  flow  passage  geometry. 
Selection  of  auxiliary  inlet  area  was  based  on  empirical  data 
from  MCAIR  and  U.S.  Navy  funded  programs.  Static  axisyrametric 
inlet  performance  data  for  varying  auxiliary  inlet  areas.  Figure 
36,  were  obtained  from  a MCAIR  funded  inlet  development  program. 
These  data  indicated  that  auxiliary  inlets  containing  a total  of 
approximately  100  percent  of  the  main  inlet  throat  area  were 
required  to  achieve  the  95  percent  or  greater  static  recovery 
used  in  advanced  V/STOL  VTOL  performance  estimates.  This  is 

substantiated  by  the  data  obtained  in  a Navy  funded  inlet 
development  program.  Reference  10,  as  shown  in  Figure  37.  These 
data  also  indicate  that  auxiliary  inlets  having  approximately  100 
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percent  of  the  main  inlet  area  were  required  to  achieve  the  95 
percent  static  inlet  recovery.  Therefore,  each  of  the  four 
auxiliary  inlets  incorporated  into  the  model  was  sized  to  have  35 
percent  of  the  main  inlet  throat  area.  All  four  auxiliary  inlets 
open  would  then  provide  140  percent  of  the  main  inlet  throat  area 
and  the  capability  for  parametric  area  variations  to  determine 
the  minimum  required  value. 

UD  = 5.056 


Figure  36.  MCAIR  Data  Base  for  Auxiliary  Inlet  Design 


Auxiliary  inlets  having  two  different  internal  flowpaths  were 
designed  using  the  2-D  potential  flow  analysis  procedure.  The 
fic’st,  called  the  baseline  or  port  design,  utilizes  simple 
entrance  and  aft-ramps  to  form  the  flow  passage.  Figure  38.  This 
design  maximizes  the  internal  flow  area  for  a given  cutout  in  the 
inlet.  The  second,  called  a door  design,  utilizes  the  same  aft 
ramp  and  incorporates  a more  streamline  flow  path  to  minimize  the 
losses  through  the  auxiliary  inlet.  Figure  39.  This  design, 
however,  results  in  a 60%  reduction  in  auxiliary  inlet  flow  area 
for  the  same  inlet  cutout. 


28 


INTERNAL 

FLOW 


GP43 -0466-54 


Figure  38.  Baseline  (“Port”)  Design  Auxiliary  Inlet 

Predicted  velocity  distributions  for  each  design/  shown  in 
Figures  40  through  45/  indicate  that  both  statically  and  at  the 
design  condition/  the  port  design  results  in  a lower  peak  cowl 
lip  velocity  than  the  door  design/  which  should  result  in  a 
larger  decrease  in  the  lip  losses.  However/  the  port  design  does 
result  in  higher  peak  velocities  on  the  aft— ramp  compared  to  the 
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door  design.  This  may  result  in  flow  separation  over  the  aft 

rarap  and  a loss  in  overall  auxilliary  inlet  performance. 

Therefore  based  on  the  performance  improvement  potential  of  each/ 
both  designs  were  selected  for  incorporation  into  the  2-D 
supersonic  V/STOL  inlet  model. 


QP43-0466SO 


Figure  39.  Door  Design  Auxiliary  Inlet 
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Figure  40.  Predicted  Lower  Cowl  Velocity  Distribution 

Baseline  Auxiliary  Inlet  Static 
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Figure  41.  Predicted  Lower  Cowl  Velocity  Distribution 

Baseline  Auxiliary  Inlet  80  Kts  q!  = 0“ 
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Figure  42.  Predicted  Lower  Cowl  Velocity  Distribution 

Baseline  Auxiliary  Inlet  80  Kts  a = 40° 
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Figure  43.  Predicted  Lower  Cowl  Velocity  Distribution 

Door  Auxiliary  Inlet 
Static 
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Figure  44.  Predicted  Lower  Cowl  Velocity  Distribution 

Door  Auxiliary  Inlet  80  Kts  a = 0 
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Figure  45.  Predicted  Lower  Cowl  Velocity  Distribution 

Door  Auxiliary  Inlet  80  Kts  a = 40“ 


3.  WIND  TUNNEL  MODEL 


The  wind  tunnel  model  is  a two-dimensional/  two  ramp  inlet 
of  capture  aspect  ratio  0.724  (H/W)  and  capture  area  of  836.77 
cm2  (129.7  in^).  The  first  ramp  is  fixed  at  8®  of  compression 

and  the  second  compression  ramp  is  variable/  as  is  the  subsonic 
diffuser  ramp.  The  subsonic  contraction  ratio/  Ai/A^h^  is  1.041. 

The  inlet  model  is  43  percent  scale  based  on  the  GE  F404 
engine  (35  percent  scale  based  on  P&WA  FlOO  engine).  It  incorpo- 
rates a variable  geometry  cowl  lip  and  four  auxiliary  inlets  for 
static  and  low  speed/high  angle  of  attack  performance  improve- 
ment. Instrumentation  is  extensive  and  provides  the  necessary 
data  to  aid  in  developing  prediction  methodologies  for  low  speed 
inlet  performance. 

The  inlet  model/  shown  in  Figure  46/  is  constructed  in  4 
sections/  the  inlet  section/  forward  auxiliary  inlet  section/ 
diffuser  section/  and  an  interface  flange  to  mount  the  model  in 
the  9x15  ft  tunnel. 
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Figure  46.  Wind  Tunnel  Model 
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3.1  INLET  SECTION  - The  model  was  provided  with  three  inlet 
sections/  the  baseline  2-D  inlet  supplied  by  MCAIR/  a thick  lip 
inlet  section  supplied  by  NASA/  and  a vertical  ramp  inlet  section 
(similar  to  an  F-4  integration)  also  supplied  by  NASA.  The  three 
inlet  sections  are  interchangeable. 

3.1.1  Basic  2-D  Inlet  Section  - The  2-D  inlet  section  is 

79.50  cm  (31.3  in)  long  and  houses  the  two  compression  ramps  and 

the  variable  geometry  cowl  lip  hardware  necessary  to  both  droop 
and  translate  the  lip  forward.  The  cowl  lip  incorporated  into 
the  inlet  is  scaled  from  the  F-15  inlet  system.  Inlet  sideplates 
are  of  different  thickness/  the  righthand  sideplate  is  scaled 
from  the  F-15/  while  the  lefthand  sideplate  is  sized  to  provide 
sufficient  room  for  the  model  instrumentation.  Sideplate  leading 

edges  are  sharp  and  similar  in  contour  to  the  F-15  inlet 
sideplates. 

Variable  geometry  cowl  lip  hardware  consists  of  a cowl  lip 
which  is  fastened  to  various  brackets  which  are  part  of  the 
sideplates.  These  lip  brackets  are  designed  to  provide  droop 

angles  of  0“/  40®,  and  70*/  and  also  to  droop  the  lip  40*  with 

forward  translations  of  5.08/  10.16/  and  15.24  cm  {2,  A,  and  6 

in).  The  drooped  cowl  lip  rotates  about  a circular  arc  element/ 
termed  the  knee.  Drooped  lip  positions  are  shown  in  Figure  47. 
The  drooped  translated  cowl  lip  exposes  the  complete  knee  to  the 
flow/  as  it  opens  a slot  between  cowl  lip  and  knee/  Figure  48. 

3.1.2  Thick  Lip  Inlet  Section  - The  thick  lip  inlet  section 
is  119.38  cm  (47.0  in)  long,  with  an  axisymraetric  entrance  of 

34.51  cm  (13.59  in)  diameter  with  a lip  contour  taken  from  the 
Citation  inlet  (NASA  drawing  NASA  CF854668).  The  thick  lip  inlet 
approches  a bellmouth  inlet  design/  iip  contraction  ratio  — 1.47 
= Aj^/Afji/  thus  eliminating  lip  separation  in  order  to  provide  an 
upper  inlet  performance  limit.  The  internal  contour  transitions 
from  a circular  cross  section  to  the  rectangular  shape  of  the 
baseline  2-D  inlet  section  as  shown  in  Figure  49.  The  thick  lip 
inlet  section  does  not  provide  for  the  use  of  variable  geometry 
hardware . 
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Figure  47.  Drooped  Cowl  Lip  Positions 


Figure  48.  Drooped  and  Translated  Cowl  Lip  - Schematic  of  Aerodynamic  Surfaces 


GP430577-2 


Figure  49.  Thick  Lip  Inlet  Section 


3.1.3  Vertical  Ramp  Inlet  Section  - This  section  consists 
of  the  same  hardware  as  the  baseline  2-D  inlet/  but  has  two 
additional  sideplates,  supplied  by  NASA-Lewis,  which  are  cut  back 
to  the  cowl  lip  highlight.  The  vertical  ramp  inlet  is  tested  by 
rotating  the  inlet  90®,  thus,  placing  the  compression  ramps  in  a 
vertical  position  such  as  in  the  F-4  inlet  integration.  This 
test  iTiode  exposes  the  inlet  sideplates  to  the  freestream  airflow 
at  angle  of  attack.  To  improve  the  performance  of  this 
configuration,  cutback  sideplates.  Figure  50,  were  fabricated  by 
NASA.  The  cutback  sideplates  incorporate  a full  radius  leading 
edge,  to  minimize  the  flow  separation  at  angle  of  attack. 
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CUTBACK  SIDEPLATES 
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Figure  50.  Vertical  Ramp  Inlet 

Planview  of  Baseline  Sideplate  vs  Retracted  Sideplates 


3.2  FORWARD  AUXILIARY  INLET  SECTION  - The  forward  auxiliary 
inlet  GGction  is  76.2  cm  (30  in)  long  and  houses  the  four 
auxiliary  inlets  and  the  variable  subsonic  diftuser  ranp.  The 
section  is  assembled  in  four  parts  and  has  sharp  internal 
corners/  as  shown  in  Figure  51.  With  the  subsonic  diffuser  ramp 
full  up,  the  internal  duct  is  a square  of  24.62  cm  (9.69  in)  on  a 
side/  and  is  of  constant  area  through  this  section.  Each  of  the 
4 pieces/  top,  bottom/  left,  and  right  sides  are  of  different 
thicknesses.  These  different  wall  thickness  values  result  in 

auxiliary  inlets  with  different  contraction  ratios.  The 

respective  (viewed  from  the  front)  auxiliary  inlet  contraction 
ratios  are: 

o top  - 1.893 
o right  - 1.237 
o bottom  - 1.362 
o left  - 1.478 
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a)  FORWARD  AUXlUARY  INLET  SECTION 


PORT  AUXILIARY  INLET 


DOOR  AUXILIARY  INLET 


PORT  DESIGN 

LOCATION 

A, 

Am, 
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TOP 
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BOTTOM 

290.9  cm2  (45  09  in.2) 

213.5  cm2  (33 1 |n.2) 

1.362 

RIGHT  SIDE 

264.1  cm2  (40.94  |N.2) 

213.5  cm2  (33.1  |n.2) 

1.237 

DOOR  DESIGN 

LEFT  SIDE 

315.7  cm2  (48  93  |n.2) 

78.7  cm2  (12.20  IN.2) 

4.012 
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C)  AUXILIARY  INLET  CONTRACTION  RATIOS 

Figure  51.  Forward  Auxiliary  Inlet  Section 
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Auxiliary  inlets  ace  located  on  the  top/  bottom/  left/  and 
right  sides  of  the  auxiliary  inlet  section.  Two  different 
auxiliary  inlet  designs  are  incorporated  into  the  section,  the 
port  and  the  door  design,  Figure  51.  When  the  auxiliary  inlets 
are  closed  off,  inner  and  outer  cover  plates  ace  installed  to 
maintain  both  internal  and  external  moldline.  Both  of  the 
auxiliary  inlet  designs  are  assembled  as  a unit  and  then  inserted 
into  the  forward  auxiliary  inlet  section.  A port  design 
auxiliary  inlet  is  shown  in  Figure  52. 


GP430466-12 


Figure  52.  Typical  Auxiliary  Inlet  Assembly 

Top  Auxiliary  Inlet,  Port  Design 

The  port  design  represents  a simple  auxiliary  inlet  concept. 
Details  are  shown  in  Figure  53  for  the  left  auxiliary  inlet. 
Each  port  is  designed  to  have  a throat  area  of  35%  of  the  main 
inlet  low  speed  throat  area.  Therefore,  using  all  four  auxiliary 
inlets  would  provide  140%  of  the  main  inlet  low  speed  throat 
area.  The  radii  on  the  flow  surface  of  both  the  forward  and  aft 
ramps  are  held  at  a constant  ratio  to  the  auxiliary  inlet  thick- 
ness for  all  four  port  auxiliary  inlet  designs.  Coverplates  to 
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clos6  off  the  entrance  area  into  the  port  design  auxiliary  inlets 
were  fabricated  by  NASA  Lewis.  This  provides  a model  of  a simple 
sliding  door  used  to  close  off  the  auxiliary  inlets  when  not 
needed/  leaving  a cavity  exposed  to  the  internal  flow/  Figure  54. 
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Figure  53.  Port  Design  Auxiliary  Inlet 

General  Layout 


INTERNAL  gp43^m66.io 

FLOW 


Figure  54.  Cover  Plate  Installation  on  Port  Design  Auxiliary  Inlet 


The  door  design  auxiliary  inlet  represents  a concept  in 
which  a cover  or  door  would  swing  into  the  inlet  duct  to  provide 
a more  refined  flow  passage  for  the  auxiliary  inlet.  This  design 
was  required  to  have  the  same  highlight  area  as  the  port  design 
to  insure  fitting  in  the  common  auxiliary  inlet  cutout  in  the 
forward  auxiliary  inlet  section.  This  constraint  limited  the 
flow  area  to  only  13%  of  the  main  inlet  low  speed  throat  area. 
Details  of  this  design  are  shown  in  Figure  55.  The  door  design 
uses  the  same  aft  ramp  as  the  port  design  auxiliary  inlet.  This 
auxiliary  inlet  design  was  fabricated  for  the  left  side  only. 
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Sideplates  for  the  door  design  auxiliary  inlets  were 
fabricated  by  NASA  Lewis.  These  sideplates  served  to  contain  the 
flow  along  the  sides  of  the  internal  flowpath/  thus  preventing 
flow  from  spilling  around  the  door  into  the  internal  duct.  The 
auxiliary  inlet  sideplates  are  shown  schematically  in  Figure  56. 
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Figure  56.  Auxiliary  Inlet  Door  Designs 


The  subsonic  diffuser  ramp  is  fully  up  in  the  low  speed  test 
mode  which  corresponds  to  zero  degree  second  ramp  deflection.  In 
order  to  use  the  top  auxiliary  inlet/  a plate  in  the  diffuser 
ramp  is  removed  to  open  the  auxiliary  inlet  airflow  passage. 
When  testing  supersonically  the  plate  would  be  installed  in  the 
diffuser  ramp/  and  an  alternate  top  auxiliary  inlet  housing  would 
be  installed.  The  auxiliary  housing  contains  a jack  screw  to 
support  the  center  of  the  ramp  for  the  loads  encountered  during 
supersonic  testing/  Figure  57. 
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3.3  DIFFUSER  SECTION  - The  diffuser  section  is  60.96  cm  (24  in) 

long  and  provides  the  transition  from  a 24.61  cm  (9.69  in)  square 
cross  section  to  a 30.48  cm  (12  in)  diameter  circular  cross 

section  at  the  diffuser  exit,  Figure  58.  The  diffuser  section 
has  an  area  ratio  of  1.205  and  zero  offset.  This  section  pro- 
vides all  of  the  diffusion  in  the  low  speed  test  mode.  In  super- 
sonic testing,  additional  diffusion  would  be  provided  in  the 
forward  auxiliary  section  due  to  the  subsonic  diffuser  ramp  being 
deflected.  The  supersonic  diffuser  area  ratio  is  1.915. 

3.4  INTERFACE  FLANGE  - The  interface  flange  section,  shown  in 

Figure  59,  is  12.57  cm  (4.95  in)  long  and  provides  an  interface 

to  connect  the  inlet  model  to  the  9 x 15  ft  Low  Speed  Wind  Tunnel 

support  system.  In  addition,  the  model  instrumentation  lines  are 
redistributed  around  the  flange. 
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4. 


MODEL  INSTRUMENTATIOM 


The  model  is  highly  instrumented  with  static  taps  and  total 
pressure  probes  to  provide  an  internal  flow  data  base  sufficient 
for  development  of  inlet  performance  prediction  techniques.  A 
total  of  155  static  and  70  total  pressure  measurements  are 
provided.  Model  instrumentation  is  contained  completely  between 
the  inside  and  outside  moldlines. 

Instrumentation  lines  are  provided  with  quick  disconnects  at 
each  model  section  interface  to  facilitate  model  assembly/ 
disassembly.  All  of  the  parametric  hardware  has  its  own  integral 
instrumentation  and  is  connected  to  the  model  through  quick 
disconnects.  A typical  example  of  the  instrumentation  routing  is 
shown  in  Figure  60  for  the  interface  between  the  2-D  inlet 
section  and  the  forward  auxiliary  inlet  section.  Access  to  the 
instrumentation  is  provided  by  an  extensive  array  of  removable 
coverplates. 


GP43-0466-14 


Figure  60.  Details  of  Instrumentation  Routing 
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ORIGINAL-  PAGE 

BLACK  AND  WHITE  PHOTOGRAPH 


Instrumentation  locations  are  defined  with  reference  to  the 
model  coordinate  system  shown  in  Figure  61.  Coordinates  of  the 
instrumentation  locations  are  provided  in  the  following  para- 
graphs for  each  model  section. 


Figure  61.  Definition  of  Model  Coordinate  System 

4.1  INLET  SECTION  - Each  of  the  three  different  inlet  sections, 
i.e.,  basic,  thick  lip,  and  vertical  ramp,  contain  both  static 
and  total  pressure  instrumentation  as  described  below. 

4.1.1  Basic  2-D  Inlet  Section  - The  sideplates,  cowl  lip, 
and  the  cowl  lip  slat  knee  of  the  basic  2-D  inlet  section  are 
instrumented.  A total  of  20  total  pressures  and  44  static 
pressures  are  contained  in  this  section. 

Each  inlet  sideplate  has  8 static  pressure  taps  on  the 
inside  surface,  Figure  62.  The  inlet  sideplate  static  pressures 
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are  located  in  4 pairs/  each  on  a waterline  with  the  forward  tap 
approximately  1 inch  behind  the  sideplate  leading  edge.  The  aft 
tap  is  approximately  2 inches  behind  the  forward  tap. 
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ORIGINAC  PAGE  SIDEPLATE  STATIC  PRESSURE 

BLACK  AND  WHITE  PHOTOGRAPH  coordinates 


X 

Y 

2 

r 

2.80 

-1.00 

4.845 

4.70 

-1.00 

9.95 

-4.64 

11.90 

-4.64 

16,95 

-8.28 

19.20 

-8.28 

23.35 

-12.12 

4.845 

25,30 

-12.12 

-4.845 

2.80 

-1.00 

4.70 

-1.00 

9.95 

-4.64 

11,90 

-4.64 

16.95 

-8.28 

19.20 

-8  28 

23.35 

-12.12 

25.30 

-12.12 

-4  845 

Note:  As'  Vrilues  aie  n im.ties 


Figure  62.  Cowl  Sideplate  Instrumentation 
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The  cowl  lip  has  two  removable  10  probe  total  pressure 
corner  rakes  and  20  static  pressure  taps/  and  the  knee  has  8 

static  pressures.  Tap/probe  locations  are  given  in  Figure  63  for 

the  baseline  lip  position.  Static  pressures  are  located  on  the 
centerline?  10  on  the  top  surface  and  10  on  the  bottom  surface. 
The  10  probe  total  pressure  corner  rakes  were  not  used  during  the 
test.  Instrumentation  lines  are  routed  to  the  side  of  the  cowl 
lip/  where  they  are  picked  up  by  a connector  in  the  cowl  lip 
sideplate/  Figure  64.  This  connector  is  an  integral  part  of  the 

cowl  lip  sideplate  and  provides  routing  for  lip  instrumentation 
to  the  main  inlet  section/  even  when  the  lip  is  drooped  or 
translated  forward. 

The  knee  instrumentation  consists  of  8 static  pressures 
located  on  the  centerline.  When  the  cowl  lip  is  translated 

forward/  the  knee  is  exposed  to  flow  through  the  slot  gap  as 
shown  schematically  in  Figure  65. 

4.1.2  Thick  Lip  Inlet  Section  - The  thick  lip  inlet 

instrumentation  consists  of  12  static  pressures  located 

circumferentially  at  the  inlet  entrance/  external  static 

pressures/  and  internal  static  pressures.  Both  external  and 

internal  static  pressures  are  located  along  the  centerline  of  the 
inlet  bottom  surface  (i.e./  180“  position).  instrumentation 

definition  is  given  in  Figure  66. 

4.1.3  Vertical  Ramp  Inlet  Section  - The  vertical  ramp  inlet 
instrumentation  is  identical  to  that  on  the  2-D  Baseline  Inlet 
Section.  However/  when  the  cutback  sideplates  are  installed  the 
cowl  lip  and  inlet  sideplate  instrumentation  is  not  used  due  to  a 
lack  of  sufficient  room  to  route  the  instrumentation  through  the 

section. 
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• 2 REMOVABLE  10-PROBE 
TOTAL  PRESSURE  CORNER  RAKES 


• 20  CENTERLINE  STATIC  PRESSURES 
ON  COWL  LIP 

• 8 CENTERLINE  STATIC  PRESSURES 
ON  KNEE 


COWL  LIP  STATIC  PRESSURE  TOTAL  PRESSURE  CORNER  RAKE 


COORDINATES 

COORDINATES 

X 

Y 

2 

X 

Y 

Z 

INTERNAL  SURFACE 

INTERNAL  SURFACE 

22.80 

-13.39 

0 

23.45 

-12.723 

-3  932 

23.05 

-13.29 

-12,678 

-3  887 

23.45 

-13,23 

-12.634 

-3.843 

24.00 

-13.34 

-12,589 

-3-798 

24  54 

-13.39 

- 12  545 

-3.754 

24  98 

-13.49 

-12,500 

-3  709 

25  72 

-13.54 

-12,456 

-3.665 

26  62 

- 13.59 

-12.411 

-3.620 

27.55 

-13.64 

i 

i 

-12.367 

-3.576 

28.42 

-13.64 

0 

23  45 

-12  322 

-3.531 

EXTERNAL  SURFACE 

EXTERNAL  SURFACE 

23  05 

-13.64 

0 

23.45 

-12.723 

3 932 

23,35 

-13,99 

-12.678 

3 887 

23.66 

-13.91 

- 12  634 

3 843 

24  11 

-14.10 

-12.589 

3 798 

24  52 

-14  25 

-12.545 

3.754 

24.96 

- 14  40 

-12  500 

3.709 

25.56 

-14  57 

1 

-12,456 

3.665 

26.22 

-14  73 

-12  411 

3 620 

26.86 

-14  86 

1 

i 

-12,367 

3 576 

27.50 

-14  97 

( 

) 

23.45 

-12,322 

3.531 

KNEE  STATIC  PRESSURE 
COORDINATES 


X 

Y 

Z 

28.43 

-15.12 

0 

28  40 

-14.93 

28,43 

-14  61 

28.53 

-14  39 

28  66 

-14.11 

28  88 

-13  99 

29  08 

-13.79 

29  38 

-13  69 

0 

Note  All  values  are  m inches 
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Figure  63.  Cowl  Lip  Instrumentation 

Baseline  Lip 
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Figure  64.  Cowl  Lip  Instrumentation  Routing 

Baseline  Lip  Configuration  Shown  - Bottom  Cover  Removed 
to  Show  Internal  Instrumentation  Lines 


Figure  65.  Cowl  Lip  Instrumentation 

Drooped  and  Translated  Lip 
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uuLiiiiuauuuuui.li. 


CIRCUMFERENTIAL  STATIC 
PRESSURE 


CENTERLINE  STATIC  PRESSURES 


EXTERNAL 
FS,  IN. 

FS,  IN. 

INTERNAL 
FS,  IN.  FS,  IN. 

0.000 

0.106 

7.099 

17.164 

0.106 

0.424 

8.158 

18.117 

0.424 

0.848 

9.112 

19.177 

0.848 

1.377 

10.171 

20.131 

1.377 

1.801 

11.125 

21.190 

1.801 

2.331 

12.184 

22.144 

2.331 

3.073 

13-138 

23.203 

2.861 

4.132 

14.091 

24.157 

3.390 

5.086 

15.151 

25.110 

3.814 

6.145 

16.104 

26.170 

FS,  IN. 

27.123 


Figure  66.  Thick  Lip  Inlet  Instrumentation 


4.2  FORWARD  AUXILIARY  INLET  SECTION  - Forward  auxiliary  inlet 
section  instrumentation  consists  of  a removable  10  probe  total 
pressure  rake  located  25.27  cm  (9.95  in)  behind  the  lip  highlight 
of  the  basic  2-D  inlet,  and  the  static  and  total  pressures 
associated  with  each  auxiliary  inlet.  The  instrumentation  is 
schematically  shown  in  Figure  67  and  is  discussed  below  for  each 
of  the  three  possible  auxiliary  inlet  configurations,  closed, 
port  design/  and  the  door  design. 

For  the  closed  auxiliary  inlets/  the  instrumentation 
consists  of  4 static  pressures  on  the  centerline  of  each  inside 
cover  plate.  These  provide  a measurement  of  the  internal 
pressures  on  each  of  the  4 forward  auxiliary  inlet  section  walls. 
Figure  67. 

The  port  and  door  design  auxiliary  inlet  instrumentation  is 
shown  schematically  in  Figure  68.  The  aft  ramp  has  10  static 
pressures  on  the  centerline  and  a removable  10  probe  total 
pressure  rake.  The  total  pressure  rake  is  located  to  measure  the 
pressure  profile  of  the  auxiliary  inlet  airflow  as  it  enters  the 
main  inlet  duct  flow.  The  forward  ramp  of  the  port  design 

auxiliary  inlet  has  10  static  pressures  along  the  centerline. 
Figure  68.  The  door  design  has  20  static  pressures  on  the  door, 
10  each  on  the  centerline  of  the  internal  and  external  surfaces. 
Instrumentation  locations  are  provided  in  Figure  68. 

4,3  diffuser  SECTION  - The  diffuser  instrumentation  consists  of 
20  static  pressures.  These  static  pressure  taps  are  positioned  5 
each  on  the  top,  right,  bottom,  and  left  sides  of  the  diffuser 
along  the  model  centerline.  Figure  69. 
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FS  79.50  (31.3) 


FS  155.70  (61.3) 


• TEN  PROBE  TOTAL  PRESSURE  RAKE  ON  • FOUR  STATIC  PRESSURE  TAPS  ON  CENTERLINE 

BOTTOM  SURFACE  WITH  1 STATIC  PRESSURE  TAP  OF  EACH  AUXILIARY  INLET  COVERPLATE 


INSTRUMENTATION  COORDINATES 
STATIC  PRESSURES 


TOP 


LEFT 


38,20 

-3  89 

43.61 

49.03 

54.44 

-3-89 

38.20 

-8.745 

43.61 

49  03 

1 

54,44 

-8  745 

-4.845 


-4  845 


BOTTOM 


32  75 
38.20 
43.61 
49,03 
54.44 


-13  556 


■13.556 


RIGHT 


38.20 

43.61 

49,03 

54.44 


-8  745 


-8  745 


4,845 


4,845 


QP434 209-91 


TOTAL  PRESSURES 


X Y Z 

32.75  - 13,465  0 

-13.345 

-13.162 

-12,979 

-12.676 

-12.278 

-11.880 

-11.482 

-11.084 

32.75  - 10.686  0 


Note  Al!  values  are  in  inches 


Figure  67.  Forward  Auxiliary  Inlet  Section  Instrumentation 

Auxiliary  Inlets  Closed 
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(Part  1 of  5) 


4.4  ENGINE  FACE  RAKE  - The  engine  face  rake  used  in  the  low 

speed  testing  was  provided  by  NASA-LeRC.  It  is  an  eight  leg 
design  and  has  a total  of  144  total  pressure  probes,  16  static 
pressures,  and  8 dynamic  total  pressures.  A total  of  72  total 

pressure  probes  are  utilized  to  measure  flow  direction.  The 
general  arrangement  of  the  rake  and  the  location  of  the  static 
and  dynamic  total  pressures  are  shown  in  Figure  70.  A typical 
rake  leg  and  location  of  the  total  pressure  probes  and  the  flow 
swirl  probes  are  shown  in  Figure  71.  Flow  swirl  probes  are 
positioned  to  measure  circumferential  flow  angularities  at  2 
radial  stations  on  each  rake  leg,  and  radial  flow  angularities  at 
one  station  along  each  leg. 

4.5  INSTRUMENTATION  SUMMARY  - The  inlet  model  is  extensively 

instrumented  from  the  ramp  leading  edge  back  to  the  engine  face 
The  instrumentation  shown  in  a sheer  view.  Figure  72,  represents 

the  top  auxiliary  inlet  port  design  and  the  bottom  auxiliary 

inlet  closed.  The  planview.  Figure  73,  represents  the 
instrumentation  associated  with  both  port  and  door  auxiliary 
inlets. 
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(a)  TOP  AUXILIARY  INLET 


FORWARD 

RAMP 


EXTERNAL 


DOOR 


INTERNAL 


AFT 

RAMP 


STATIC  PRESSURES 


X 

Y 

Z 

38.12 

1.00 

0 

38.77 

0.82 

39.20 

0.53 

39.55 

0.09 

39.90 

-0.39 

40.24 

-0.83 

40.62 

-1.31 

40.99 

-1.80 

41.32 

-2.27 

41.68 

-2.71 

0 

38.10 

1.00 

0 

39.57 

0.40 

40.96 

-0.38 

42.30 

-1.15 

43.65 

-1.95 

45.01 

-2.71 

46.36 

-3.48 

47.70 

-4.25 

49.05 

-5.02 

50.40 

-5.81 

0 

38.46 

-3.95 

0 

39.75 

-4.19 

41.03 

-4.42 

42.32 

-4.68 

43.64 

-4.92 

44.90 

-5.17 

46.22 

-5.42 

47.56 

-5.68 

48.87 

-5.90 

50.18 

-6.15 

I 

0 

51.06 

1.00 

0 

50.24 

0.77 

49.65 

0.10 

49.45 

-0.75 

49.77 

-1.57 

50.29 

-2.27 

50.85 

-2.92 

51.53 

-3.46 

52.37 

-3.78 

53.25 

-3.89 

0 

TOTAL  PRESSURES 


X Y Z 


53.25  -3.981  0 

-4.103 
-4.286 
-4.683 
-5.080 
-5.477 
-5.874 
-6,057 
''  -6.179 

53.25  -6.403  0 


Note:  All  values  are  in  inches 
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Figure  68.  (Continued)  Auxiliary  Inlet  Instrumentation 

(Part  2 of  5) 
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(b)  LEFT  SIDE  AUXILIARY  INLET 


FORWARD 

RAMP 


EXTERNAL 


DOOR 


INTERNAL 


AFT 

RAMP 


STATIC  PRESSURES 

X Y 

z 

42,01  -8.745  -7.35 

42.35 

-7.27 

42.62 

-7.06 

42.87 

-6.78 

43.07 

-6.49 

43.27 

-6.12 

43.48 

-5.97 

43.70 

-5.66 

43.90 

-5.37 

44.10  -8.745  -5.17 

44.88  -8.745  -7.35 

42.79 

-7.02 

43.77 

-6,47 

44.79 

-5.95 

45.78 

-5.45 

46.78 

-4.90 

47.89 

-4.33 

48.88 

-3.80 

50.00 

-3.23 

50  87  -8.745  -2.78 

42.00  -8.745  -4.843 

42,95 

-4.633 

43.80 

-4.353 

44.87 

-4.113 

45.78 

-3.853 

46.80 

-3-539 

47.73 

-3.333 

48.70 

-3.063 

49.64 

-2.823 

50.58  -8.745  -2.537 

52.05  -8.745  -7.35 

51.6 

-7.24 

51.29 

-6.93 

51.18 

-6.46 

51,29 

-6.07 

51,65 

-5.73 

51.84 

-5.35 

52.17 

-5.07 

52,57 

-4.91 

53.05  -8.745  -4.83 

TOTAL  PRESSURES 
X Y l_ 

53.05  -8.745  -4,742 

-4.620 
-4.437 
-4.040 
-3,643 
-3.246 
-2.849 
-2.666 
-5.544 

53.05  -8.745  -2.320 


Note:  All  values  are  m niches 
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Figure  68.  (Continued)  Auxiliary  Inlet  Instrumentation 

(Part  3 of  5) 
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(c)  BOTTOM  AUXILIARY  INLET 


FORWARD 

RAMP 


EXTERNAL 


DOOR 


INTERNAL 


AFT 

RAMP 


STATIC  PRESSURES 


X 

Y 

Z 

43.03 

-15.466 

0 

43.31 

-15.366 

43.52 

-15.196 

43.69 

-14.996 

43,84 

-14.776 

44.01 

-14.596 

44.15 

-14.436 

44,32 

-14.236 

44.46 

-14.036 

1 

44.62 

-13.836 

0 

43.07 

-15.446 

0 

44,02 

-15.056 

44,94 

-14.625 

45.82 

-14.186 

46.76 

-13.726 

47.67 

-13.276 

48.59 

-12.826 

49.48 

-12.416 

50.38 

-11.946 

51.29 

-11.526 

0 

43.18 

-13.566 

0 

44.07 

-13.306 

44,93 

-13.046 

45.73 

-12.806 

46.58 

-12.566 

47.43 

-12.316 

48.29 

-12.056 

49.15 

-11.816 

50.03 

-11.576 

1 

50.89 

-11.316 

0 

52.32 

-15.446 

0 

51,91 

-15.286 

51.73 

-15.016 

51,71 

-14.666 

51.84 

-14,426 

52.04 

-14.196 

52.20 

-13,956 

52,45 

-13.776 

52.73 

-13.616 

53.09 

-13,556 

0 

TOTAL  PRESSURES 

X Y 

Z 

53.25  -13.465  0 

-13.343 
-13.160 
-12.763 
-T2.366 
-11.969 
-11.572 
-11.389 

, -11.267  u 

53.25  - 11.043  0 


Note:  All  values  are  m inches 
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Figure  68.  (Continued)  Auxiliary  Inlet  Instrumentation 

(Part  4 of  5) 
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(d)  RIGHT  SIDE  AUXILIARY  INLET 


STATIC  PRESSURES 


X Y 

Z 

44.088  -8.745  6.003 

44.338 

5.953 

44.488 

5.803 

44.538 

5.703 

- ^ 
cc 
o 
u_ 

/ARD 

44.638 

5.603 

RAMP 

44.738 

5.473 

44.788 

5.383 

44.888 

5.283 

44.948 

5.183 

, 45.038  -8.745  5.053 

1 

44.538  -8.745  5.903 

45.258 

5.583 

45.978 

5.223 

46.738 

4.836 

47.418 

4.503 

EXTEF 

48.168 

4.173 

48.938 

3.823 

49.668 

3.463 

50.408 

3.103 

, 51.178  -8.745  2.703 

DO 

OR  ; 

> 44.488  -8.745  4.773 

45.218 

4.523 

45.958 

4.293 

46.658 

4.043 

47.408 

3.783 

INTEI 

48.158 

3.543 

48.928 

3.293 

49.658 

3.043 

50.408 

2.813 

1 51.168  -8.745  2.543 

52.630  -8.745  6 003 

52.420 

5.923 

52.270 

5.753 

52.250 

5.553 

52.350 

5.353 

52.470 

5.223 

52.580 

5-073 

52.720 

4.933 

52.900  1 

4.853 

53.140  -8.745  4.833 

TOTAL  PRESSURES 
X Y Z 


53.14  -8.745  4.742 

4.620 
4 437 
4.040 
3.643 
3.246 
2,849 
2 666 

, I 2.544 

53.14  -8.745  2.320 


Note:  All  values  are  m inches 
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Figure  68.  (Concluded)  Auxiliary  Inlet  Instrumentation 

(Part  5 of  5) 
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FS  155,70  (61.3) 


FS  216.66  (85.3) 


STATIC  PRESSURE  COORDINATES 


X Y Z 


TOP 


LEFT 


BOTTOM 


RIGHT 


62.90  -3.891  0 

68.10  -3.725 

73.30  -3.475 

78.30  -3.186 


83.70 

-2.836 

0 

62.90 

-8.745 

-4.854 
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Figure  69.  Diffuser  Section  Instrumentation 
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Figure  70.  Engine  Face  Rake  Arrangement 


Legend 

o Steady-state  total  pressure  probe 
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Figure  71.  Typical  Rake  Leg 

Engine  Face  Rake  Assembly 
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STATIC  PRESSURES 
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Figure  72.  Sheer  View  of  Model  Instrumentation 


Figure  73.  Plan  View  of  Model  Instrumentation 
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5.  FACILITY 


The  low  speed  testing  was  conducted  in  the  NASA  Lewis  9x15 
ft  Low  Speed  Wind  Tunnel/  Reference  11.  The  9x15  ft  wind  tunnel 
is  located  in  the  return  leg  of  the  8x6  ft  Supersonic  Wind 
Tunnel/  Figure  74/  and  is  capable  of  speeds  from  26  knots  to  152 
knots. 


NO.  3 DOOR 

2.74  BY  4,58  METER 
(9x15)  LOW  SPEED 
TEST  SECTION 


NO.  2 OOOR- 
COOLER- 


ACCOUSTICAL 

MUFFLER 


NO.  4 DOOR 
NO.  5 DOOR 


8x6  DIFFUSER 

2.44  BY  1.83  METER 
(8x6)  SUPERSONIC 
TEST  SECTION 

BALANCE  CHAMBER 


AIR 

DRYER 


FLEXIBLE 

NOZZLE 


-COMPRESSOR 


-DRIVE 

MOTORS 


QP43-a209'101 


Figure  74.  NASA  Lewis  Research  Center  8 x 6 Ft  and  9 x 15  Ft  Wind  Tunnels 


The  wind  tunnel  components  are  a flow  control  section/  a 
cooler/flow  straightener/  a settling  section/  an  inlet  section/ 
the  test  section/  a diffuser  section/  and  an  exit.  A schematic 
is  shown  in  Figure  75.  The  flow  control  is  provided  by  a pair  of 
doors  located  on  each  side  of  the  tunnel.  Opening  these  doors 
will  vary  the  test  section  velocity.  The  cooler/flow 
straightener  is  a finned— tube  water  heat  exchanger  and  is  used  to 
control  the  entrance  temperature  to  the  compressor/  and  provides 
a uniform  temperature  level  in  the  low  speed  test  section.  The 
ggttling  chamber  is  650  cooler  tube  diameters  long  and  serves  to 
damp  out  most  of  the  turbulence  generated  through  the  cooler. 
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The  inlet  section  has  a contraction  ratio  of  8:1  and  provides 
constant  axial  acceleration  of  the  tunnel  airstreara.  Test 
station  walls  are  diverged  slightly  to  account  for  boundary  layer 
buildup.  Tunnel  side  walls  of  the  test  section  are  slotted  to 
reduce  interference  to  a minimum  value  and  have  a porosity  of  11 
percent.  Four  plexiglass  windows  in  the  walls  and  one  in  the 
ceiling  provide  illumination  of  the  model  and  a direct  view  of 
the  model. 


STATION: 

236  124.3  56.3  27.7  0 -80  -152 


Figure  75.  Schematic  Elevation  View  of  2.72  x 4.58  Meter  (9x15  Ft)  V/STOL  Facility 

Drawing  Not  to  Scale 


5.1  MODEL  SUPPORT  - The  wind  tunnel  model  installation  hardware 
provides  the  means  to  hold  the  model  in  the  wind  tunnel,  a 
suction  system  to  vary  inlet  airflow,  and  the  ability  to  rotate 
the  model  for  angle  of  attack  variations.  This  tunnel  support 
system  consists  of  a 60.96  cm  (24.0  in)  diameter  housing  to  which 
the  model  is  attached,  a 25.4  cm  (10.0  in)  diameter  pipe  which  is 
attached  to  a turntable  under  the  tunnel  floor,  and  a 40.64  cm 
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(16.0  in)  diameter  suction  pipe  which  extends  through  the  tunnel 
ceiling/  Figure  76.  The  housing  provides  the  attachment  point 
for  the  model/  and  routing  for  all  instrumentation  lines.  The 
engine  face  rake  is  supported  in  the  housing  assembly.  The  25.4 
cm  (10.0  in)  diameter  pipe  provides  support  for  the  model  assem- 
bly and  is  attached  to  the  turntable  which  rotates  the  model. 
The  40.64  cm  (16.0  in)  pipe  provides  suction  to  the  model  for 
varying  inlet  airflow. 


GP43-0466-15 


Figure  76.  Model  Support  in  9 x 15  Ft  Tunnel 
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6.  WIND  TUNNEL  TEST  RESULTS 


A total  of  26  different  configurations  were  tested  in  the 
NASA  LeRC  9 x 15  foot  low  speed  wind  tunnel.  These  configura- 
tions were  based  on  parametric  variations  of  the  flow  improvement 
features  incorporated  into  the  2-D  supersonic  V/STOL  inlet  system 
model  described  in  Sections  2.0  and  3.0/  e.g.,  variable  geometry 
cowl  lip  and  auxiliary  inlets.  Parametrics  were  conducted  using 
three  basic  inlet  model  arrangements/  thick  lip/  sharp  lip/  and 
vertical  ramp. 

A summary  of  each  model  arrangement  and  the  performance  of 
the  26  configurations  are  discussed  in  the  following  sections. 
These  sections  deal  with  flow  inproveraent  techniques  incorporated 
into  each  of  the  three  basic  inlet  model  arrangements.  Perform- 
ance data  includes  recovery/  average  turbulence/  distortion/  and 
flow  diagnostic  data.  A complete  set  of  data  for  all  tested 
configurations  can  be  found  in  Appendix  A of  this  report.  All 
performance  data  were  developed  for  the  P&WA  FlOO  engine  airflow 
as  it  provides  a direct  comparison  with  a wide  range  of  inlet 
systems  associated  with  current  production  aircraft  and 

propulsion  research  projects. 

6.1  MODEL  ARRANGEMENTS  — The  wind  tunnel  model  was  tested  in 
three  major  arrangements;  the  thick  lip  inlet/  sharp  lip  inlet/ 
and  the  vertical  ramp  inlet. 

The  thick  lip  inlet  arrangement  was  tested  to  provide  an 
upper  benchmark  for  inlet  low  speed  performance/  Figure  77.  The 
thick  lip  inlet  had  the  corner  fillets  installed  and  was  tested 
with  each  port  design  auxiliary  inlet  open  individually.  The 
door  auxiliary  inlet  design  was  tested  with  and  without  the 
sideplates  attached.  This  data  provided  the  performance  and  a 
calibration  of  each  auxiliary  inlet. 
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Figure  77.  Thick  Lip  Inlet  Section  Installed  on  Model 


The  sharp  lip  inlet  was  tested  to  provide  an  evaluation  of 
the  basic  inlet  performance  at  low  speed/  and  the  effect  of  the 
flow  improvement  devices;  Figure  76.  This  configuration  was 
tested  with:  all  auxiliary  inlets  closed/  with  and  without  the 
corner  fillets  installed/  all  4 port  design  auxiliary  inlets 
open/  all  4 cavities  open/  the  ramp  side  cavity  only  open/  the 
port  and  door  design  auxiliary  inlets  on  the  left  side  open/  the 
cowl  lip  drooped  40*  and  70*  with  and  without  all  4 port  design 
auxiliary  inlets  open/  and  the  cowl  lip  drooped  40*  and  trans- 
lated forward  5.08/  10.16/  and  15.24  cm  {2,  4 and  6 in)  with  all 

auxiliary  inlets  closed. 

The  vertical  ramp  inlet  arrangement  was  tested  with  the  full 
(standard)  and  retracted  sideplates.  Each  sideplate  configura- 
tion was  tested  with  the  4 auxiliary  inlets  closed/  and  with  only 
the  ramp  side  auxiliary  inlet  closed/  the  3 others  have  the  port 
design  auxiliary  inlet  installed  and  open.  The  vertical  ramp 
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configuration,  when  tested  with  the  baseline  sideplates,  also 
provided  a pure  sideslip  test  condition  for  the  sharp  lip  2-D 
baseline. 

A summary  of  the  model  test  configurations  and  test  condi- 
tions is  shown  in  Figure  78.  All  the  model  configurations  were 
tested  using  the  suction  source  to  provide  flow  through  the 
inlet.  The  inlet  airflow  was  varied  over  the  engine  face  Mach 
number  range  of  0.25  to  0.67/  which  corresponds  to  a range  of  126 
to  261  Ibs/sec  corrected  airflow  based  on  F-lOO  inlet  scale. 

Test  results  for  each  of  the  three  model  arrangements  are 
discussed  in  the  following  sections,  beginning  with  the  thick  lip 
inlet  arrangement. 

6.2  THICK  LIP  INLET  ARRANGEMENT  - The  thick  lip  inlet  arrange- 
ment was  tested  to  establish  a performance  benchmark  and 

calibrate  the  auxiliary  inlets.  This  configuration  has  an  axisym- 
metric,  high  contraction  ratio  inlet  section  installed  in  place 
of  the  2-D  inlet  section.  Configuration  pararaetrics  that  were 
tested  included  the  port  design  auxiliary  inlet,  each  open  indi- 
vidually, and  the  left  auxiliary  inlet  open  with  both  a door 
design  and  a door  with  sideplates.  Calibration  of  thick  lip 
inlet  and  each  port  auxiliary  inlet  was  established  by  measuring 
the  flow  through  the  main  inlet  section  and  measuring  the  flow 

through  the  venturi  downstream  of  the  suction  system. 

The  basic  thick  lip  inlet  arrangement  with  its  contraction 
ratio  of  1.47  exhibits  very  high  performance  at  static  condi- 
tions. Static  performance  data  are  shown  in  Figure  79.  Recovery 
at  the  inlet/engine  match  point  (fan  face  Mach  No  = 0.53)  is 

0.981,  with  a corresponding  turbulence  value  of  0.0008.  Such 
high  recovery  levels  indicate  that  the  lip  losses  have  been  mini- 
mized, as  the  diffuser  friction  losses  alone  are  nearly  0.015. 
Thus,  the  high  contraction  ratio  associated  with  this  configura- 
tion results  in  performance  levels  that  are  fairly  insensitive  to 
mass  flow  ratio  variations. 
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CONFIGURATION  DESCRIPTION 


Voo 

(KTS) 


(DEG) 


« 

(DEG) 


THICK  UP  INLET 

THICK  LIP  BASELINE  ^ 

40 

80 

120 

THICK  LIP  INLET,  TOP  AUXILIARY  INLET  OPEN  0,  40,  80,  120 

THICK  LIP  INLET,  RIGHT  AUXILIARY  INLET  OPEN 

THICK  LIP  INLET,  BOTTOM  AUXILIARY  INLET  OPEN 

THICK  LIP  INLET,  LEFT  AUXILIARY  INLET  OPEN  - 

PORT 

THICK  LIP  INLET,  LEFT  AUXILIARY  INLET  OPEN  - 
DOOR 

THICK  LIP  INLET,  LEFT  AUXILIARY  INLET  OPEN  - 

DOOR  WITH  SIDEPLATES  ’ 

SHARP  UP  INLET 

SHARP  LIP  BASELINE  0.  40,  80,  120 

SHARP  LIP  INLET,  RAMP  CAVITY  OPEN 

SHARP  LIP  INLET,  ALL  CAVITIES  OPEN 

SHARP  LIP  INLET,  CORNER  FILLETS  NOT  INSTALLED 

SHARP  LIP  INLET,  LEFT  AUXILIARY  INLET  OPEN  - 

PORT 

SHARP  LIP  INLET,  LEFT  AUXILIARY  INLET  OPEN  - 
PORT 

SHARP  LIP  INLET,  ALL  AUXILIARY  INLETS  OPEN 
40°  DROOP  LIP,  ALL  AUXILIARY  INLETS  OPEN 
70°  DROOP  LIP,  ALL  AUXILIARY  INLETS  OPEN 
70°  DROOP  LIP 
40°  DROOP  LIP 

40°  DROOP  LIP,  2 INCH  TRANSLATION 
40°  DROOP  LIP,  4 INCH  TRANSLATION 
40°  DROOP  LIP,  6 INCH  TRANSLATION  


0 

0,  20,  45,  70,  90,  95,  100,  105,  110 
b,  20,  45,  70,  75,  80,  85,  90,  110 
0,  20,  45,  50,  55,  60,  65,  70,  90,  110 

0,  20,  45,  70,  90,  110 


0,  20,  45,  70,  90,  110 


0 


0 


VERTICAL  RAMP  INLET 

VERTICAL  RAMP  INLET,  90°  COUNTERCLOCKWISE 
ROTATION 

VERTICAL  RAMP  INLET,  90°  COUNTERCLOCKWISE 

ROTATION,  RETRACTED  SIDEPLATES 

VERTICAL  RAMP  INLET,  90°  CLOCKWISE  ROTATION 

VERTICAL  RAMP  INLET,  90°  COUNTERCLOCKWISE 
ROTATION,  LER,  RIGHT,  AND  COWL  LIP  AUXILIARY 
INLETS  OPEN 

VERTICAL  RAMP  INLET,  90°  COUNTERCLOCKWISE 
ROTATION,  RETRACTED  SIDEPLATES,  LEFT,  RIGHT, 
AND  COWL  LIP  AUXILIARY  INLETS  OPEN 


0,  40,  80,  120 


0,  20,  45,  70,  90.  110  0 


t 
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Figure  78.  Test  Matrix  Summary 
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Figure  79.  Effect  of  Fan  Face  Mach  Number  on  Performance 

Static  Conditions 


Freestream  velocity  has  a very  small  effect  on  performance. 
The  recovery  is  fairly  flat  over  the  velocity  range  tested/  0 to 
120  knots,  increasing  from  0.981  at  static  conditions  to  0.985  at 
120  knots  as  shown  in  Figure  80  for  zero  degrees  angle  of  attack. 
Turbulence  and  distortion  also  exhibit  a flat  trend  with  increas- 
ing velocity.  These  data  trends  also  indicate  that  any  lip 
losses,  which  are  normally  reduced  with  increasing  freestream 
velocity,  are  very  small  for  this  conf iguration. 


The  high  quality  of  the  lip  flow  is  further  substantiated  by 
looking  at  angle-of-a ttack  effects  on  performance.  At  a free- 

stream velocity  of  40  knots,  Figure  81,  the  inlet  recovery  and 
the  RMS  turbulence  are  essentially  constant  at  0.984  and  0.006 
over  the  angle-of-attack  envelope  from  0®  to  110®.  At  80  knots. 
Figure  82,  the  recovery  shows  a slight  dip  at  about  70®  angle  of 
attack  with  a corresponding  increase  in  turbulence.  This  indi- 
cates a small  lip  loss  probably  associated  with  a separation  of 
the  lip  flow.  This  is  substantiated  by  the  total  pressure  pro- 
file immediately  downstream  of  the  lip.  Figure  83.  The  profile 
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is  well  formed  and  typical  of  a thin  turbulent  boundary  layer. 
Thus/  even  at  90*  angle  of  attack/  lip  separation  is  small.  At 

120  knots/  Figure  84,  the  onset  of  the  lip  separation  begins  at 

approximately  55  degrees  angle— of— attack.  This  progression  of 
separation  to  lower  angle— of —attack  is  to  be  expected.  As  the 

freestream  velocity  is  increased/  angle-of-attack  effects,  if 

present/  tend  to  become  the  dominating  factor  in  inlet  system 
performance. 


ANGLE  OF  ATTACK  = 0 DEG 
SIDESLIP  ANGLE  = 0 DEG 
P&WA  FIDO  MATCH  AIRFLOW 


Legend: 
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Figure  80.  Effect  of  Freestream  Velocity  on  Performance 

Angle-of-Attack  = 0° 


6.2.1  Auxiliary  Inlet  Flow  Characteristics  - The  thick  lip 
inlet  configuration,  established  as  a performance  benchmark,  was 
used  to  determine  the  auxiliary  inlet  flow  characteristics,  e.g., 
recovery,  and  mass  flow  capability.  Flow  characteristics  were 
established  for  each  of  the  port  designs  and  the  door  design  with 
and  without  sideplates. 
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Figure  81.  Effect  of  Angie-of-Attack  on  Performance 
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Figure  82.  Effect  of  Angle-of-Attack  on  Performance 

80  Kts 
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Figure  83.  Flow  Over  Cowl  Lip  - Thick  Lip  Inlet  Performance 

Angle-of-Attack  = 90” 


FREESTREAM  VELOCITY  = 120  KTS 
SIDESLIP  ANGLE  = 0 DEG 
P&WA  F100  MATCH  AIRFLOW 


Legend: 
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Figure  84.  Effect  of  Angle-of-Attack  on  Performance 

120  Kts 
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The  thick  lip  inlet  arrangement  was  utilized  to  calibrate 
each  of  the  auxiliary  inlets.  Calibration  data/  obtained  for 
each  auxiliary  inlet  open  individually,  shown  in  Figure  B5,  indi- 
cates that  the  ratio  of  auxiliary  inlet  airflow  to  main  inlet 
airflow  is  approximately  equal  to  the  corresponding  throat  area 
ratios.  Each  port  design  auxiliary  inlet  has  a throat  area  that 
is  35  percent  of  the  raain  inlet  throat  area.  The  door  and  the 
door  with  sideplates  have  throat  areas  that  are  17.7  percent  and 
13  percent  of  the  main  throat  area,  respectively. 
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® freestream 


Figure  85.  Auxiliary  Inlet  Airflow  Characteristics 


Tile  thick  lip  inlet  due  to  its  high  contraction  ratio  and 
minimum  lip  losses  has  high  recovery  air  entering  the  main  inlet 
section.  Opening  the  auxiliary  inlets  therefore  does  not  improve 
the  air  quality/  rather  each  introduces  air  v;hich  lias  a recovery 
loss  associated  with  the  individual  auxiliary  inlet. 
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6.2. 1.1  Flow  Characteristics  of  Port  Design  Auxiliary 

Inlets  - Performance  of  port  design  auxiliary  inlets  is  directly 
related  to  auxiliary  inlet  contraction  ratio  as  shown  in  Figures 
86  and  87.  The  lip  pressures  show  virtually  identical  changes  in 
main  inlet  lip  flow  characteristics  as  each  inlet  was  opened/ 
i.e./  a small  decrease  in  both  the  lip  velocity  and  the  boundary 
layer  thickness.  A typical  lip  velocity  distribution  and 

boundary  layer  profile  are  shown  in  Figure  88  for  the  top 

auxiliary  inlet  open.  However/  this  decrease  in  lip  flow  does 

not  improve  performance  since  there  are  no  significant  lip  losses 
associated  with  the  thick  lip  inlet  arrangement. 
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Figure  86.  Effect  of  Auxiliary  iniet  Contraction  Ratio 


The  auxiliary  inlet  internal  flow  pressure  distributions 
demonstrate  the  effects  of  contraction  ratio  on  internal  perform- 
ance. Starting  with  the  highest  contraction  ratio,  the  top  aux- 
iliary inlet  CR  = 1.893,  the  auxiliary  inlet  flow  is  separated 

from  the  upstream  ramp  as  indicated  by  the  flat  pressure  distribu- 
tion, Figure  89.  However,  the  aft-ramp  has  attached  flow  at  both 
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0®  and  90®  inlet  angle-of-a ttack.  Auxiliary  inlet  flow  exit 
total  pressure  profiles  indicate  a well  behaved/  typical  boundary 
layer  profile  shape  at  both  angles-of-a ttack. 
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Figure  87.  Effect  of  Auxiliary  Inlet  Contraction  Ratio 


As  the  contraction  ratio  is  decreased/  the  forward  ramp 
separation  increases/  and  at  the  lowest  contraction  ration,  right 
auxiliary  inlet  (CR  = 1.237)/  the  aft-ramp  is  also  fully  sep- 

arated, Figure  90  through  92.  Total  pressure  profiles  at  the 
auxiliary  flow  exit  dramatically  illustrate  the  worsening  separa- 
tion with  decreasing  contraction  ratio.  The  CR  = 1.237  auxiliary 
inlet  has  massive  separation  at  both  0®  and  90®  angle-of-attack. 
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Figure  88.  Flow  Over  Cowl  Lip  - Thick  Lip  iniet  Performance 

Top  Auxiliary  Inlet  Open  (CR  = 1.893) 
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Figure  89.  Thick  Lip  Inlet 

Top  Auxiliary  Inlet  Open  (CR  = 1.893) 
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Figure  90.  Thick  Lip  iniet 

Left  Auxiliary  Inlet  Open  (CR  = 1.478) 
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Figure  91.  Thick  Lip  Inlet 

Bottom  Auxiliary  Inlet  Open  (CR  = 1.362) 
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Figure  92.  Thick  Lip  inlet 

Right  Auxiliary  Inlet  Open  (CR  = 1 .237) 


Similar  trends  with  auxiliary  inlet  contraction  ration  are 
observed  in  the  engine  face  total  pressure  contours  shown  in 

Figures  93  through  96.  For  the  top  auxiliary  open,  CR  = 1.893, 

the  engine  face  contour  indicates  a slight  improvement  in 
recovery  in  the  region  of  the  auxiliary  inlet.  However,  the 
entire  engine  face  contour  is  reordered  such  that  the  overall 
recovery  is  essentially  unchanged.  As  the  lower  contraction 
ratio  auxiliary  inlets  are  opened,  the  engine  face  contours  are 

generaly  degraded  to  reflect  the  lower  overall  recovery.  The 
smallest  contraction  ratio  auxiliary  inlet  (CR  = 1.237)  results 
in  a local  region  of  much  lower  recovery  and  a 

recovery  of  approximately  3%.. 
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Figure  93.  Thick  Lip  Inlet  Performance 
Engine  Face  Pressure  Distribution  - Effect  of  Auxiliary  Inlets 
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Figure  95.  Thick  Lip  Inlet  Performance 
Engine  Face  Pressure  Distribution  - Effect  of  Auxiliary  Inlets 
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Figure  96.  Thick  Up  Inlet  Performance 
Engine  Face  Pressure  Distribution  - Effect  of  Auxiliary  Inlets 
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6. 2. 1.2  Flow  Characteristics  of  Door  Design  Auxiliary 

Inlets  - The  door  auxiliary  inlet  has  a higher  contraction  ratio 
(4.012)  and  is  designed  to  direct  the  flow  downstream  more  effec- 
tively than  the  port  auxiliary  inlet.  The  internal  flowpath  pro- 
vides a continuous  area  contraction  from  the  auxiliary  inlet 
highlight  to  the  throat/  which  is  located  at  the  trailing  edge  of 
the  door.  This  constant  flow  acceleration  reduces  the  local  sep- 
aration and  its  subsequent  low  recovery.  In  addition/  the  door 
sideplates  prevent  separation  around  the  door  edges  and  increase 
the  overall  recovery  by  reducing  the  three-dimensional  nature  of 
the  auxiliary  inlet  flow. 


The  door  auxiliary  inlet  has  improved  performance/  compared 
to  the  port  design/  over  the  complete  angle  of  attack  range  as 
shown  in  Figure  97.  Not  only  is  the  recovery  increased/  the  dis- 
tortion and  turbulence  level  at  the  engine  face  are  significantly 
reduced.  At  the  higher  angles  of  attack/  90“  to  100“/  the  door 
auxiliary  inlet  results  in  a 2%  recovery  improvement  compared  to 
the  port  design. 
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Figure  97.  Effect  of  Auxiliary  Inlet  Design  - Thick  Lip  Inlet 
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As  anticipated,  the  main  inlet  lip  instrumentation  shows  a 
small  increase  in  lip  velocity  with  the  door  designs  due  to  their 
reduced  mass  flow  compared  to  the  port  designs*  However,  the 
increased  peak  lip  velocity  does  not  result  in  any  significant 
lip  separation  losses.  Auxiliary  inlet  instrumentation  indicate 
that  the  doors  reduce  auxiliary  inlet  flow  separation  as  inlet 
angle  of  attack  increases,  Figures  98  and  99.  The  associated 
engine  face  contours  show  these  same  trends,  Figure  100. 
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Figure  98.  Thick  Lip  inlet  Performance 

Effect  of  Auxiliary  Inlet  Design 


Auxiliary  inlet  testing  with  the  thick  lip  baseline  has 
shown  that  auxiliary  inlet  flow  characteristics  are  a strong  func- 
tion of  contraction  ratio.  The  higher  the  contraction  ratio/  the 
higher  the  recovery  associated  with  the  auxiliary  inlet  flow. 

Inlet  system  performance  improvements  associated  with  auxili- 
ary inlets  can  be  achieved  either  through  a high  flow  simple 
design/  i.e./  the  port/  or  through  a lower  flow,  refined  aerody- 
namic design,  i.e.,  the  door.  The  final  choice  should  be  based 
on  a balance  between  inlet  performance  improvements  and  the  com- 
plexity and  weight  associated  with  each  auxiliary  inlet  design. 
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Figure  99.  Thick  Lip  Inlet  Performance 

Effect  of  Auxiliary  Inlet  Design 


6.3  SHARP-LIP  INLET  CONFIGURATION  - Low  speed  performance  data 
for  an  advanced;  Mach  2.2  inlet  system  were  obtained  using  this 
configuration.  This  inlet  configuration  has  a contraction  ratio 
of  1.041  at  low  speed  and  incorporates  a drooping  cowl  lip;  a 
drooping/  translating  cowl  lip;  and  auxiliary  inlets  to  improve 
its  low  speed  performance.  In  addition;  the  configuration  was 
provided  with  reraoveable  corner  fillets.  The  internal  corners  on 
the  lower  cowl  lip  portion  of  the  inlet  normally  contain  a 
generous  radius.  These  reraoveable  fillets  provide  the  oppor- 
tunity to  quantify  the  benefits  of  these  corner  radii. 

Performance  data  obtained  for  this  basic  configuration  serve  as  a 
reference  for  evaluating  the  effectiveness  of  the  flow 
improvement  concepts  incorporated  into  the  model. 

The  extensive  model  instrumentation  provides  the  data  to 
clearly  understand  the  magnitude  and  severity  of  the  lip  separa- 
tion associated  with  this  configuration. 


86 


6.3.1  Basic  Sharp-Lip  Inlet  Performance  - The  effect  of 
corner  radii  on  inlet  performance  were  established  early  in  the 
test  program  so  that  the  basic  performance  data  would  be  represen- 
tative of  the  best  sharp  lip  configuration.  Removing  the  corner 
fillets  had  little  or  no  effect  on  inlet  performance  levels. 
This  was  true  across  the  speed  and  mass  flow  ranges  that  were 

tested.  A typical  performance  comparison  at  a freestreara  veloc- 
ity of  80  knots  is  shown  in  Figure  101.  Recovery/  turbulence/ 

and  distortion  levels  are  essentially  the  same  with  or  without 

fillets  over  the  angle-of-attack  envelope  from  0*  to  110®.  Thus 
all  subsequent  sharp  lip  inlet  performance  data  were  obtained 

with  the  corner  fillets  in  place. 


RECOVERY, 
Pt  /Pt 

'o 


AVERAGE 


(Pt2>AVE 


AVE 


DISTORTION, 

(Pt2)mAX“<Pt2)mIN 

(Pt2>AVE 


ANGLE-OF-ATTACK  - DEG 


FREESTREAM  VELOCITY  = 80  KTS 
SIDESLIP  ANGLE  = 0 DEG 
P&WA  FIDO  MATCH  AIRFLOW 


CORNER 

FILLETS 


Legend: 

O With  fillets 
□ Without  fillets 


OP43«M  142 


Figure  101.  Effect  of  Corner  Fillets  on  Inlet  Performance 


Basic  sharp-lip  performance  data  were  obtained  as  a function 
of  inlet  mass  flow  ratio/  freestream  velocity/  and  angle  of 
attack.  As  the  engine  face  mass  flow  ratio  or  Mach  number  is 
increased/  the  recovery  falls  off  and  engine  face  turbulence  and 
distortion  increase/  with  the  highest  rate  of  change  occuring  at 
static  conditions/  Figure  102.  Similar  trends  are  observed  at  80 
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and  120  knots  for  zero  degrees  angle-of-attack.  Lip  total  pres- 
sure profiles.  Figure  103,  show  the  increase  in  both  extent  and 
severity  of  the  lip  separation  as  mass  flow  ratio  is  increased. 
The  extent  and  impact  of  the  lip  separation  is  clearly  seen  in 
the  associated  engine  face  contours.  Figure  104. 
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Figure  102.  Effect  of  Mass  Flow  on  Sharp  Lip  Baseline  Performance 


The  impact  of  freestream  velocity  and  angle  of  attack  are 
interrelated.  At  lower  angles  of  attack,  45“  or  less,  increasing 
the  freestream  velocity  increases  the  overall  performance  of  the 
inlet  system  as  a direct  result  of  the  decreased  lip  separation, 
Figures  105  through  107.  Above  45“ , increasing  the  freestream 
velocity,  decreases  the  inlet  system  performance  due  to  increased 
lip  separation,  as  shown  in  Figures  108  through  112.  Thus  the 
inlet  performance  varies  between  mass  flow  domination  and  angle- 
of-attack  domination  depending  on  the  angle  of  attack. 
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Figure  103.  Flow  Over  Cowl  Lip 

Sharp  Lip  Baseline  - Mass  Flow  Effect 
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Figure  104.  Sharp  Lip  Iniet  Baseline  Performance 
Engine  Face  Pressure  Distribution 
Effect  of  Engine  Face  Mach  Number 
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Figure  105.  Effect  of  Angle-of-Attack  on  Sharp  Lip  Baseline  Performance 
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Figure  106.  Flow  Over  Cowl  Lip 

Sharp  Lip  Baseline  - Angle-of-Attack  Effect 
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Figure  107.  Sharp  Lip  inlet  Baseline  Performance 
Engine  Face  Pressure  Distribution 
Effect  of  Angle-of-Attack 
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Figure  108.  Effect  of  Freestream  Velocity  on  Sharp  Lip  Baseline  Performance 
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Figure  109.  Flow  Over  Cowl  Lip 

Sharp  Lip  Baseline  - Effect  of  Freestream  Velocity 
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Figure  110.  Sharp  Lip  Inlet  Baseline  Performance 
Engine  Face  Pressure  Distribution 
Effect  of  Freestream  Velocity 
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Figure  111.  Flow  Over  Cowl  Lip 

Sharp  Lip  Baseline  - Effect  of  Freestream  Velocity 
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Figure  112.  Sharp  Up  Inlet  Baseline  Performance 
Engine  Face  Pressure  Distribution 
Effect  of  Freestream  Velocity 


6.3.2  Droop  Lip  Performance  - The  droop  lip  concept  is 
designed  to  minimize  the  separation  on  the  cowl  lip  by  aligning 
the  cowl  lip  with  the  approach  flow.  A secondary  performance 
improvement  should  also  be  obtained  as  a result  of  the  increased 
contraction  ratio  associated  with  drooping  the  lip.  This  program 
involved  the  testing  of  two  droop  angles,  40  and  70  degrees,  to 
determine  the  effectiveness  of  this  concept. 

The  performance  of  the  inlet  was  dramatically  improved  using 
the  droop  lip  concept.  The  inlet  recovery  at  80  knots  freestream 
velocity  is  improved  by  2 to  9 percent  over  the  entire  mass  flow 
range,  Figure  113.  Cowl  lip  pressure  data  indicate  that  stati- 
cally, at  match  airflow,  the  70°  drooped  lip  has  attached  flow, 
and  even  at  the  highest  mass  flow  there  is  no  significant  separa- 
tion occuring.  Figure  114.  The  engine  face  contours  show  the  low 
energy  separated  region  associated  with  lip  separation  has  been 
completely  controlled  with  the  70°  drooped  lip,  Figure  115. 
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Figure  113.  Drooped  Lip  Performance  vs  Iniet  Mass  Flow 
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Figure  114.  Flow  Over  Cowl  Lip 

70°  Droop  Lip  - Effect  of  Mass  Flow 
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Figure  115.  Effect  of  Drooped  Lip  on  Engine  Face  Pressure  Distribution 
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The  droop  lip  also  provides  a tnajor  performance  improvement 
at  forward  speed.  The  70  degree  lip  improves  the  recovery  by  5% 
at  low  angles  of  attack  and  up  to  10%  at  higher  angles  of  attack 
at  80  knots,  Figure  116.  Again  the  cowl  lip  pressure  data  indi- 
cate the  flow  over  the  70“  lip  remains  attached  over  the  entire 
angle  of  attack  range.  Figure  117.  The  40«  droop  begins  to 
separate  by  90“  angle  of  attack.  Figure  118.  Comparison  of  the 
engine  face  contours  shows  that  the  droop  lip  configurations  have 
eliminated  the  low  performance  pocket  associated  with  lip 
separation.  Figures  119  through  121. 
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Figure  116.  Drooped  Lip  Performance  vs  Inlet  Angle-of-Attack 
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Figure  117.  Flow  Over  Cowl  Lip 

70®  Droop  Lip  - Effect  of  Angle-of-Atack 
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Figure  118.  Flow  Over  Cowl  Lip 

40°  Droop  Up  - Effect  of  Angle-of-Attack 
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Figure  119.  Effect  of  Drooped  Lip  on  Engine  Face  Pressure  Distribution 
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Figure  120.  Effect  of  Drooped  Up  on  Engine  Face  Pressure  Distribution 
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Figure  121.  Effect  of  Drooped  Lip  on  Engine  Face  Pressure  Distribution 


6.3.3  Drooped/Translating  Cowl  Lip  - The  40  degree  drooped 
lip  could  also  be  tested  in  a translated  position  much  like  a lip 
slat.  Lower  cowl  lip  forward  translation  distances  of  5.08/ 
10.16/  and  15.24  cm  (2,  4,  and  6 inches)  were  provided/  Figure 

122.  Analysis  of  the  test  data  indicates  that/  in  general/  none 
of  the  translated  positions  were  as  good  as  the  basic  40  degree 
drooped  lip/  Figure  123.  Recovery  of  the  translated  lips  is 
below  that  of  the  basic  40°  drooped  lip  over  the  complete  angle 
of  attack  range.  Total  pressure  profiles  immediately  downstream 
of  the  lip  indicate  an  increase  in  separation  as  the  lip  is  trans- 
lated forward/  Figure  124/  even  at  zero  degrees  angle  of  attack. 
At  90  degrees  angle-of-attack/  Figure  125/  the  trends  are  very 
similar.  As  the  lip  is  translated  forward/  the  maximum  velocity 
on  the  lip  decreases  thus  reducing  the  separation  on  the  lip. 
But/  this  performance  increase  is  more  than  offset  by  the  perform- 
ance loss  associated  with  separation  around  the  knee  which  is 
exposed  as  the  lip  moves  forward.  This  is  particularly  true  at 
the  higher  angles  of  attack  where  the  knee  pressures  are  essen- 
tially flat/  Figure  126/  indicating  total  separation  around  the 
knee.  Engine  face  contours/  Figure  127/  indicate  the  same 
trends. 


100 


QP«M20«-10e 


Figure  122.  Drooped  - Translated  Lip  Schematic 
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Figure  123.  Translated  Drooped  Lip 
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Figure  124.  Flow  Over  Cowl  Lip 

Drooped-Translated  Lip  - Effect  of  Translation 


Figure  125.  Flow  Over  Cowl  Lip 

Drooped-Translated  Lip  - Effect  of  Translation 
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Figure  126.  Drooped  - Translated  Lip  Performance  Knee  Static  Pressure  Ratios 


Angle-of-attack  effects  for  the  4 inch  translated  lip  are 
shown  in  Figure  128  and  129.  Separation  around  the  knee  becomes 
extensive  as  the  angle-of-attack  is  increased.  The  well  defined 
separated  profile  shape  indicates  the  knee  rather  than  the  lip  is 
separting.  If  the  lip  were  separating  extensively,  the  profiles 
would  be  less  well  defined  due  to  the  increased  mixing  distance 
between  the  lip  and  the  total  pressure  rake. 
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Figure  127.  40  Deg  Drooped  - Translated  Lip 

Engine  Face  Pressure  Distribution 
Effect  of  Translation  Distance 
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Figure  128.  Flow  Over  Cowl  Lip 

Drooped-Translated  Lip  - Effect  of  Angle-of- Attack 
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Figure  129.  40  Deg  Drooped  - Translated  Lip 

Engine  Face  Pressure  Distribution 
Effect  of  Angle-of-Attack 


Analysis  of  the  data  indicates  that  due  to  the  effectiveness 
of  the  droop  lip/  any  translation  will  introduce  flow  degrada- 
tion. The  lip  translation  designed  to  alleviate  loss  associated 
with  cowl  lip  separation  would  probably  be  effective  on  a cowl 
lip  in  a conventional  position.  However  with  the  droop  lip  the 
translation  introduces  possible  knee  separation  into  an  attached 
flow  condition. 

6.3.4  Auxiliary  Inlet  Performance  - The  auxiliary  inlets 
are  designed  to  alleviate  lip  separation  by  decreasing  the 
required  airflow  over  the  cowl  lip.  To  measure  the  effectiveness 
of  this  concept/  the  model  was  tested  with  all  auxiliary  inlets 
closed/  all  auxiliary  inlets  open/  and  the  left  auxiliary  open 
with  both  a port  and  a door  design.  The  effect  of  auxiliary 
inlet  cavities  was  also  tested.  These  concepts  are  discussed  in 
the  following  paragraphs. 
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The  auxiliary  inlets  improve  the  inlet  system  performance 
over  the  entire  mass  flow  range  and  at  all  speeds.  At  the  high- 
est mass  flov/s;  a 7 percent  recovery  increase  is  achieved;  as 
well  as  a decrease  in  both  average  turbulence  and  distortion; 
E'igure  130.  Cowl  lip  pressure  data  show  little  sensitivity  to 
mass  flow;  indicating  that  flow  over  the  main  inlet  lip  is  suf- 
ficiently decreased  when  the  auxiliary  inlets  are  opened  to 
lessen  the  severity  of  the  lip  separation.  The  auxiliary  inlet 
pressure  distributions;  E'igures  131  through  134;  in'dicate  that  at 
static  conditions  the  higher  the  contraction  ratio  the  better  the 
auxiliary  inlet  performs.  The  right  auxiliary  inlet;  which  has 
the  lowest  contraction  ratio;  is  the  only  one  showing  signs  of 
flow  separation  at  these  conditions.  This  is  indicated  by  the 
flat  pressure  distribution  on  the  aft  auxiliary  inlet  ramp.  The 
normal  double  peak  in  velocity;  characteristic  of  the  other  three 
auxiliary  inlets  is  gone.  Extensive  separation  is  also  shov^^n  in 

the  total  pressure  profiles  at  the  right  auxiliary  inlet  exit. 
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Figure  130.  Effect  of  Auxiliary  Inlets  on  Inlet  Performance 
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Figure  131.  Top  Auxiliary  Inlet  Flow  Characteristics 
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Figure  132.  Left  Auxiliary  Inlet  Flow  Characteristics 

All  Auxiliary  Inlets  Open  (CR  = 1.478) 
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Figure  134.  Right  Auxiliary  Inlet  Flow  Characteristics 

All  Auxiliary  Inlets  Open  (CR  = 1.237) 
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Comparison  of  the  engine  face  contours  for  the  baseline  and 
for  the  auxiliary  inlet  configurations  indicates  that  the  perform- 
ance has  become  a function  of  the  loss  associated  with  the  indivi- 
dual auxiliary  inlets  rather  than  the  loss  associated  with  cowl 
lip  separation.  The  corresponding  engine  face  contours  do  not 
have  the  low  recovery  region  in  the  lip  area#  rather  a trend  of 
steadily  decreasing  performance  from  the  top  and  moving  in  a 
counter-clockwise  direction  is  evident,  Figure  135.  This  perform- 
ance trend  follows  the  decreasing  contraction  ratio  of  the  auxil- 
iary inlets. 
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Figure  135.  Effect  of  Auxiliary  Inlets  on  Engine  Face  Pressure  Distribution 

The  inlet  system  angle  of  attack  performance  is  more  sensi- 
tive to  auxiliary  inlet  performance  than  to  the  lip  performance. 
With  the  auxiliary  inlets  open,  turbulence  is  lower,  distortion 
is  lower,  and  recovery  improves  by  5 to  7 percent  over  the  entire 
angle  of  attack  range  tested,  Figure  136.  The  cowl  lip  pressure 
distribution  shows  little  sensitivity  even  at  90*  angle  of  attack 
due  to  reduced  'uass  flow  entering  through  the  main  inlet,  Figure 
137. 
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Legend: 
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Figure  136.  Effect  of  Auxiliary  Inlets  on  Inlet  Performance 
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Figure  137.  Flow  Over  Cowl  Up 

All  Auxiliary  Inlets  Open  - Effect  of  Angle-of-Attack 


Inlet  performance  data  was  also  obtained  with  the  external 
surface  of  the  auxiliary  inlet  sealed  and  the  internal  cavity 
exposed  to  the  flow.  Opening  the  cavities  disturbs  the  flow  by 
setting  up  recirculation  in  the  area  of  the  cavities.  The 

distortion  and  turbulence  are  only  slightly  affected.  The 
recovery  drops  by  approximately  1 percent  over  the  angle  of 
attack  range  with  all  the  cavities  open,  Figure  138.  Since  the 
auxiliary  inlet  will  be  flowing  during  the  critical  high  recovery 
portion  of  the  flight  envelope,  it  may  be  possible  to  close  the 
auxiliary  inlets  off  at  other  flight  conditions  using  a simple 
sliding  or  blow  in  door.  The  resulting  1 percent  recovery  loss 
may  be  tolerable  especially  in  light  of  the  weight  savings 

associated  with  the  simple  closure. 


Legend: 

O Sharp  lip  baseline 
□ Ramp  cavity  open 
A All  cavities  open 


Figure  138.  Effect  of  Auxiliary  Inlet  Cavities  on  Inlet  Performance 

The  relative  performance  differences  between  the  port  and 
the  door  design  auxiliary  inlets  are  similar  to  those  seen  on  the 
thick  lip  inlet.  However,  the  door  design  did  not  significantly 
improve  the  recovery  for  the  sharp  lip  baseline  as  it  did  for  the 
thick  lip.  Figure  139.  While  the  recovery  was  not  increased,  a 
slight  decrease  in  turbulence  was  achieved  using  the  door  design. 
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Figure  139.  Effect  of  Auxiliary  Inlet  Design 

Port  vs  Door 


Auxiliary  inlets  were  effective  in  improving  the  baseline 
inlet  performance  as  a result  of  the  reduction  in  the  losses 
associated  with  flow  over  the  cowl  lip.  By  bringing  in  part  of 
the  engine  required  airflow  through  the  auxiliary  inlets,  the 
flow  around  the  main  inlet  lip  and  its  associated  separation 
losses  were  greatly  reduced.  The  net  result  was  a significant 
increase  in  inlet  system  performance  at  static  and  low  speed/high 
angle-of-attack  operations. 


The  door  design  auxiliary  inlet  did  not  increase  the 
recovery  over  the  port  design  auxiliary  inlet.  However,  since 
the  sharp  lip  inlet  performance  is  sensitive  to  both  auxiliary 
inlet  airflow  and  auxiliary  inlet  contraction  ratio,  an  assess- 
ment of  the  actual  performance  benefits  must  weigh  the  fact  that 
the  door  design  has  approximately  a 2.7  times  higher  contraction 
ratio  than  the  port,  but  the  door  has  a lower  airflow  capability 
( (Ath)  port  = 0.35  (A^h)  rnain,  (A>ph)  dooc  = 0.13  (A^h)  main). 
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6.4  VERTICAL  RAMP  INLET  CONFIGURATION  - The  inlet  was  tested 

rotated  90  degrees  to  simulate  a vertical  ramp  propulsion  system 
integration,  such  as  that  on  an  F-4.  This  configuration  was 
tested  with  full  and  retracted  sideplates,  with  all  auxiliary 
inlets  closed,  and  with  three  auxiliary  inlets  open.  Inlet  rota- 
tion was  done  both  clockwise  and  counterclockwise  to  test  the 
effect  of  sideplate  thickness.  In  addition,  testing  of  the  verti- 
cal ramp  inlet  provides  yaw  data  for  the  horizontal  ramp  configur- 
ations. 

The  sideplates  on  a supersonic  inlet  are  normally  designed 

with  a sharp  leading  edge  to  minimize  drag.  Thus,  with  the  inlet 
oriented  in  the  vertical  ramp  position,  the  sideplate  is  acting 
as  a sharp  lip.  Because  of  this,  the  performance  of  this  inlet 
configuration  was  expected  to  be  low.  To  improve  the  low  speed/ 
high  anlge-of-attack  performance,  the  sideplate  could  be 

retracted  to  expose  a more  blunt  lip  shape  at  the  inlet  high- 
light. This  was  simulated  in  the  present  model  by  removing  the 
windward  sideplate  and  replacing  it  with  a more  blunt  circular 
lip  shape.  The  lip  diameter  was  equal  to  the  local  sideplate 

thickness  at  the  inlet  highlight. 

Both  the  retracted  sideplates  and  the  auxiliary  inlets 

improved  the  performance  of  the  vertical  ramp  inlet.  The 
retracted  sideplates  improved  recovery  by  4 to  6 percent  and 
favorably  impacted  both  turbulence  and  distortion  as  shown  in 
Figure  140.  The  auxiliary  inlets  improved  the  recovery  5 to  7 
percent.  The  two  effects  combined,  retracted  sideplates  with 
three  auxiliary  inlets  opened  had  the  most  beneficial  effect. 
The  engine  face  contours  indicate  that  retracting  the  sideplates 
reduces  the  loading  on  the  cowl  lip.  Figure  141.  With  the 
auxiliary  inlets  open  the  effect  of  the  sideplates  is  much  less 
significant,  since  the  auxiliary  inlets  have  already  unloaded  the 
lip,  Figure  142.  The  sideplate  thickness  had  no  effect  on  the 
inlet  performance  as  shown  in  Figure  143. 
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Figure  140.  Effect  of  Retracted  Sidepiates  and  Auxiliary  Inlets  on 
Vertical  Ramp  Inlet  Performance 
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Figure  141.  Effect  of  Retracted  Sideplates  on  Vertical  Ramp  Inlet  Performance 
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Figure  143.  Effect  of  Sideplate  Thickness  on  Vertical  Ramp  Inlet  Performance 
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7.  PERFORMANCE  COMPARISON 

The  performance  of  the  three  major  inlet  configurations/ 
thick-lip,  sharp-lip,  and  vertical  ramp,  are  compared  along  with 
the  various  flow  improvement  concepts  incorporated  into  each 
configuration.  These  flow  improvement  concepts  include,  drooped 
lip,  drooped/translated  lip,  and  auxiliary  inlets.  Comparisons 
include  recovery,  average  engine  face  turbulence,  and  the  simpli- 
fied distortion  parameter  (P.j2raax  - P5.2inin)/PT2^'''®  • ^ final 

comparison  is  made  for  all  the  configurations  based  on  static  and 
dynamic  values  of  the  P&WA  distortion  description  k^^* 

7.1  THICK  LIP  INLET  - The  thick  lip  baseline  established  a per- 
formance standard  by  defining  the  inlet  performance  without  the 
significant  losses  associated  with  the  2-D  sharp  lip.  It  was 
utilized  to  define  the  performance  characteristics  of  the  auxili- 
ary inlets.  This  configuration  did  exhibit  some  separation  which 
caused  a drop  in  performance  at  approximately  65*  angle  of  attack 
and  80  knots  freestream  velocity.  This  separation  characteristic 
disappears  upon  opening  the  auxiliary  inlets. 

Auxiliary  inlet  calibration  data  indicate  that  contraction 
ratio  is  the  major  factor  in  ranking  their  performance.  Both 
static  and  wind-on  performance  show  this  trend.  Figures  144  and 
145.  When  opened  individually,  the  corrected  airflow  ratio  for 
each  auxiliary  inlet  is  approximately  equal  to  the  ratio  of  aux- 
iliary inlet  throat  area  to  main  inlet  throat  area. 

The  door  and  the  door  with  sideplates  were  slightly  more 
effective  than  the  ports  due  to  their  higher  contraction  ratio 
(approximately  4 versus  1.2  to  1.9)  and  flow  directing  capabili- 
ties. The  door  improved  recovery  by  approximately  1 percent  over 
the  entire  angle  of  attack  range.  Figure  146. 
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Figure  144.  Thick  Up  Iniet  Static  Performance 


7.2  SHARP  LIP  CONFIGURATION  ~ The  sharp  lip  configuration  has 
significant  lip  flow  separation  at  all  static  and  low  speed/high 
angle-of-attack  flight  conditions.  Comparing  the  performance  to 
the  thick  lip  inlet/  the  recovery  loss  is  5 to  12  percent  over 
the  angle  of  attack  and  velocity  ranges  tested/  Figures  147  and 
148.  A significant  increase  in  turbulence  and  distortion  are 
also  associated  with  this  performance  degradation. 

The  single  most  effective  flow  improvement  device  over  the 
entire  angle-of-attack  and  Mach  number  range  tested  is  the  7C 
droop  lip.  Performance  of  this  configuration/  both  statically 
and  wind-on  approaches  the  performance  of  the  thick  lip  baseline/ 
Figures  147  and  148.  This  performance  level  is  maintained  even 

at  the  highest  angle  of  attack  and  at  all  speeds. 


119 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


Legend:  CR 

o Right  auxiliary  inlet  open  1.237 

□ Bottom  auxiliary  inlet  open  1.362 

A Left  auxiliary  inlet  open  1.478 

0 Top  auxiliary  Inlet  open  1.093 


r ^ 

[1. 

HI 

.A  J 

Figure  145.  Performance  of  Individual  Auxiliary  Inlets 


FREESTREAM  VELOCITY  = 80  KTS 
SIDESLIP  ANGLE  = 0 DEG 
P&WA  FIDO  MATCH  AIRFLOW 

THICK  LIP  INLET  LEFT  AUXILIARY 
INLET  OPEN 


aP4Mja»i»i 


Figure  146.  Effect  of  Auxiliary  inlet  Design 
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ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 

FREESTREAM  VELOCITY- 0 KTS 
P&WA  F-100  MATCH  AIRFLOW 


Figure  147.  Sharp  Lip  Inlet  Static  Performance 


The  auxiliary  inlets  and  the  40“  droop  lip  were  also  effec- 
(-^ve.  The  40°  droop  lip  exhibited  separation  and  a resultant 
performance  drop  at  the  tiigher  angles  of  attack.  The  auxiliary 
inlets  improve  the  performance  almost  as  much  as  the  40°  droop 
lip  at  lower  angles  of  attack,  but  the  performance  falls  off  more 
quickly  3.3  angle  of  attack  is  increased- 

Incorporating  both  auxiliary  inlets  and  droop  lips  on  the 
same  configuration  did  not  result  in  an  additive  perforarncne 
increment.  Although  performance  was  significantly  increased  over 
the  baseline,  the  droop  lip  alone  performed  better  than  the  com- 
bination, Figure  149.  The  recovery  of  the  droop  lip  configura- 
tion is  high  enough  that  opening  the  auxiliary  inlets  actually 
results  in  reduced  performance.  This  is  a direct  result  of  the 
inherent  flow  characteristics  of  the  individual  auxiliary  inlets. 
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FREESTREAM  VELOCITY  = 80  KTS 
SIDESLIP  ANGLE  = 0 DEG 
P&WA  FIDO  MATCH  AIRFLOW 


L69«nd: 

o Thick  lip  baseline 


0 Sharp  lip  baseline 


□ 70®  droop  lip 


A 40®  droop  lip 


O All  auxiliary  inlets  open 


□ 
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Figure  148.  Performance  of  Flow  Improvement  Devices 


Figure  149.  Performance  of  Drooped  Lips  With  All  Auxiliary  Inlets  Open 
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The  drooped/transla ted  lip  showed  a similar  performance 
trend/  i.e,/  the  performance  of  the  basic  drooped  lip  configura- 
tion was  degraded/  Figure  150/  as  the  lip  was  translated  forward. 
This  was  a directed  result  of  the  flow  separating  over  the  main 
inlet  knee  which  was  exposed  as  the  lip  was  translated  forward. 
Again  the  performance  of  the  droop  lip  is  sufficiently  high  that 
3ny  losses  associated  with  a companion  flow  improvement  concept 
result  in  lower  total  performance. 


FREESTREAM  VELOCITY  = 80  KTS 
SIDESLIP  ANGLE  = 0 DEG 
P&WA  F100  MATCH  AIRFLOW 


Legend: 

o Thick  lip  baseline 


r*  . 

^ 



^ 

0 Sharp  lip  baseline 

* 


□ 


□ 


40*  drooped  - translated  lip 
□ 0 in.  translation 
A 2 in.  translation 
^ 4 In.  translation 
0 6 in.  translation 


□ 


Figure  150.  Performance  of  Translated  Lip 

7,3  VERTICAL  RAMP  INLET  - The  performance  of  the  vertical  ramp 
inlet  was  identical  to  the  sharp  lip  configuration  at  static 
conditions  indicating  good  data  repeatability  as  there  is  no 
physical  difference  between  the  two  configurations  at  this  flight 
condition.  The  performance  of  the  vertical  ramp  inlet  was  below 
the  baseline  performance  at  forward  speed/angle— of— attack  con- 
ditions. However/  it  was  improved  by  both  retracted  sideplates 
and  auxiliary  inlets.  Combining  the  two  methods  improved  the 

performance  over  either  method  used  alone/  Figures  151  and  152. 
Sideplate  thickness  had  no  effect  on  the  vertical  ramp  inlet 
performance . 
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Figure  151.  Vertical  Ramp  Inlet  Static  Performance 


Additional  improvements  in  the  vertical  ramp  configuration 
may  be  attainable.  A refined  windward  lip  shape  could  signif- 
icantly improve  angle  of  attack  performance.  Further  increases 
in  angle  of  attack  performance  could  also  be  obtained  by  leaving 
the  top  sideplate  in  place  to  provide  angle  of  attack  shielding 
much  like  a leading  edge  extension. 


7.4  DISTORTION  COMPARISON  - The  inlet  configurations  are 
compared  based  on  the  Pratt  and  Whitney  steady  state  and  dynamic 
distortion  parameter  The  calculations  were  performed  at 

MCAIR  using  test  data  and  MCAIR  statistical  peak  dynamic  distor- 
tion prediction  procedures.  The  NASA  LeRC  engine  face  rake  con- 
tained 144  steady  state  total  pressure  probes  and  8 dynamic 
pressure  probes.  The  pressure  data  were  interpolated  to  get 
radial  values  corresponding  to  an  equal  area  weighted  48  probe 
rake.  Adjacent  steady  state  probes  were  interpolated  along  each 
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leg.  The  seven  working  dynamic  probes  were  linearly  interpolated 
along  the  4 legs  on  which  they  are  located.  The  values  at  each 
radius  were  then  interpolated  to  obtain  values  for  the  other  four 
legs.  Thus/  the  computed  dynamic  distortion  values  are  a func- 
tion of  the  interpolated  dynamic  pressures  and  are  assumed  to  be 
qualitatively  correct/  but  should  not  be  compared  rigorously  to 
other  test  data  because  of  the  significant  interpolation/  both 
radial  and  circumferential/  applied  to  the  original  data. 
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Pt  IPj 
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FREESTREAM  VELOCITY  = 80  KTS 
SIDESLIP  ANGLE  = 0 DEG 
P&WA  F100  MATCH  AIRFLOW 

Legend: 

o Full  sideplates 
□ Retracted  sideplates 

A Full  sideplates  with  three 
auxiliary  inlets  open 

0 Retracted  sideplates  with  three 
auxiliary  inlets  open 

e Thick  lip  baseline 


ANGLE  OF-ATTACK  - DEG 


QP43-0S77-3 


Figure  152.  Effect  of  Retracted  Sideplates  and  Auxiliary  Inlets 
on  Vertical  Ramp  Inlet  Performance 
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The  trend  in  the  distortion  values  follow  the  previously 
established  recovery  characteristics#  Figures  153  and  154.  The 
2-D  sharp  lip  baseline  along  with  the  vertical  ramp  baseline  are 
over  the  distortion  limit  at  70  degrees  angle  of  attack  and  80 
knots.  The  70*  droop  lip  exhibits  the  lowest  distortion  levels 
of  all  the  flow  improvement  concepts  tested.  The  distortion  is 
slightly  above  the  thick  lip  baseline  configuration.  The  right 
auxiliary  inlet#  i.e.,  the  lowest  contraction  ratio#  raises  the 
thick  lip  distortion  level  above  the  limit  for  both  the  static 
and  wind  on  test  conditions.  The  vertical  ramp  inlet  with  full 
sideplates  has  the  highest  distortion  of  all  the  tested  configura- 
tions. It  is  well  beyond  the  distortion  limit  at  80  knots  and 
70*  angle  of  attack. 
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STEADY-STATE  AND  PEAK  DYNAMIC  DISTORTION 
PWAK.  VALUES 
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Figure  153.  Predicted  Prat  & Whitney  Distortion  Vaiues  for  Static  Operation 
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Figure  154.  Predicted  Pratt  and  Whitney  Distortion  Vaiues 
for  Operation  at  80  Kts  and  70°  Angle-of-Attack 


8.  CONCLUSIONS 


Three  major  inlet  conf igurationsf  thick  lip/  sharp  lip/  and 
vertical  ramp,  and  several  flow  improvement  concepts  were  tested 
from  0 to  120  knots  and  0“  to  110"  angle  of  attack.  Flow  improve- 
ment concepts  included  a drooped  lip,  drooped/ translated  lip, 
auxiliary  inlets,  and  retracted  sideplates  for  the  vertical  ramp 
configuration.  The  extensive  model  instrumentation  provided  the 
data  necessary  for  a thorough  investigation  of  the  flowfield 
characteristics  of  both  the  inlet  configurations  and  the  flow 
improvement  concepts.  The  major  conclusions  drawn  from  the  test 
data  are  summarized  below. 

DROOP  LIPS 

The  droop  lip  was  the  single  most  effective  flow  improvement 
device  over  the  entire  angle-of-attack  and  Mach  number  range 
tested.  It  increased  performance  to  a level  approaching  the 
thick  lip  inlet  over  the  entire  test  matrix.  The  distortion 

levels  were  decreased  to  a value  well  below  the  engine  distortion 

limit. 

Translating  the  40"  droop  lip  decreased  performance  by  intro- 
ducing separation  over  the  main  inlet  element  or  "knee".  How- 
ever, distortion  was  decreased  as  the  translation  distance  was 

increased. 

The  drooping  cowl  lip  provides  a supersonic  inlet  configura- 
tion that  satisfies  the  unique  low  speed  supersonic  V/STOL 

performance  requirements  and  still  provides  high  inlet  system  per- 
formance at  supersonic  speeds. 

Using  auxiliary  inlets  in  combination  with  a droop  lip  is 
impractical.  The  70"  droop  lip  performance  decreased  and 
distortion  increased.  The  40"  droop  lip  showed  some  improvement 
but  not  enough  to  justify  the  weight  and  complexity  of 
incorporating  both  systems  on  one  inlet  design. 
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AUXILIARY  INLETS 


Auxiliary  inlets  improve  low  speed  and  static  performance. 
Statically/  the  auxiliary  inlets  can  match  the  performance  of  the 
droop  lip.  However/  at  wind-on  and  angle-of-attack  conditions 
auxiliary  inlet  performance  drops  off  relative  to  the  droop  lip. 

Performance  of  auxiliary  inlets  is  a strong  function  of 
inlet  contraction  ratio. 

Using  internal  doors  and  sideplates  to  direct  auxiliary 
inlet  airflow  improves  performance  and  decreases  the  distortion 
compared  to  a more  simple  port  design. 

VERTICAL  RAMP  INLET 


Vertical  ramp  inlet  performance  was  substantially  improved 
using  retracted  sideplates  and  auxiliary  inlets.  Both  concepts 
reduced  the  distortion  level  below  the  limit  value. 

Design  refinements  aimed  at  improving  the  vertical  ramp 
inlet  system  performance  include  an  extended  upper  sideplate  for 
angle  of  attack  shielding/  an  elliptical  lip  shape/  and 
incorporation  of  a droop  lip  on  the  windward  side  of  the  inlet  at 
the  highlight. 
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APPENDIX  A 
BASIC  DATA  PLOTS 


This  appendix  contains  the  basic  performance  data  for  the  26 
different  inlet  configurations  that  were  tested.  The  data 
include  recovery/  turbulence/  and  distortion  as  a function  of 
inlet  mass  flow  ratio.  In  addition/  summary  performance  data  as 
a function  of  angle  of  attack  and  freestream  velocity  are  also 
presented  for  selected  configurations.  Details  of  the  inlet  flow- 
field  are  illustrated  by  the  cowl  lip  static  and  total  pressure 
distributions . 

For  the  static  performance  data  presented  in  the  appendix/ 
the  angle  of  attack  is  specified  as  20®.  This  reflects  the  true 
position  of  the  model  support  during  the  static  testing. 
However/  for  static  conditions/  an  angle  of  attack  callout  has  no 
physical  meeting. 

The  performance  data  are  organized  as  a function  of  inlet 
configuration  as  indicated  in  Table  I. 
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TABLE  1. 


LIST  OF  INLET  CONFIGURATIONS 


CONFIGURATION  DESCRIPTION  PAGE 

2 Thick  Lip  Inlet  Configuration  4-39 

3a  Sharp  Lip  Inlet  Configuration  40-87 

3b  Sharp  Lip  Inlet/  Ramp  Cavity  Open 88-110 

3c  Sharp  Lip  Inlet/  All  Cavities  Open  ....  111-133 

3d  Sharp  Lip  Inlet/  Corner  Fillets  Not 

Installed  134-156 

4 Sharp  Lip  Inlet/  Left  Auxiliary  Inlet 

Open  - Door 157-185 

5 Sharp  Lip  Inlet/  Left  Auxiliary  Inlet 

Open  - Port 186-215 

6 Sharp  Lip  Inlet/  All  Auxiliary  Inlets 

Open  - All  Port  Designs 216-255 

7 40®  Droop  Lip,  All  Auxiliary  Inlets  Open  . 256-285 

8 70®  Droop  Lip,  All  Auxiliary  Inlets  Open  . 286-315 

9 70®  Droop  Lip 316-351 

10  40®  Droop  Lip 352-381 

11  40®  Droop  Lip,  2 Inch  Translation 382-411 

12  40®  Droop  Lip,  4 Inch  Translation 412-441 

13  40°  Droop  Lip,  6 Inch  Translation 442-471 

14  Thick  Lip  Inlet,  Top  Auxiliary  Inlet 

Open 472-497 

15  Thick  Lip  Inlet,  Right  Auxiliary  Inlet 

Open 498-523 

16  Thick  Lip  Inlet,  Bottom  Auxiliary  Inlet 

Open 524-549 

17  Thick  Lip  Inlet,  Left  Auxiliary  Inlet 

Open  - Port 550-575 

18  Thick  Lip  Inlet,  Left  Auxiliary  Inlet 

Open  - Door 576-589 


TABLE  1.  LIST  OF  INLET  CONFIGURATIONS  (Continued) 


CONFIGURATION 

18a 

19 
19a 
19b 

20 

20a 


DESCRIPTION  PAGE 

Thick  Lip  Inlet/  Left  Auxiliary  Inlet 

Open  - Door  With  Sideplates 590-603 

Sharp  Lip  Inlet/  90*  Counterclockwise 

Rotation 604-628 

Sharp  Lip  Inlet/  90*  Counterclockwise 

Rotation/  Retracted  Sideplates 629-653 

Sharp  Lip  Inlet/  90*  Clockwise 

Rotation 654-677 


Sharp  Lip  Inlet/  90*  Counterclockwise 
Rotation,  Left,  Right,  and  Cowl  Lip 

Auxiliary  Inlets  Open  - All  Port  Designs  . 678-701 

Sharp  Lip  Inlet,  90*  Counterclockwise 
Rotation,  Retracted  Sideplates,  Left, 

Right,  and  Cowl  Lip  Auxiliary  Inlets 

Open  - All  Port  Designs 702-725 
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RECOVERY,  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FAN  FACE  NACH  NUMBER 
CONFIGURATION  ^ ; READING  NUMBERS 

FREESTREAM  VELOCITY  ■ _2_  knots  ; ANGLE  OF  ATTACK  - deg.  ; SIDESLIP  ANGLE  - _a.  deg. 
PWA  OPERATING  POINT  VALUES  : M2-  Q-53  ; REC-  -98;  ; TURB-  -008  ; OIST- 

irri  1 [::] 


IIECOVERY.  AVERAGE  TWBULENCE,  AMO  OrSTORTIOR  VS.  FAR  FACE  MACH  NUMBER 
CONFIGURATION  ^ ; READING  NUMBERS 

FREESTREAM  VELOCITY  - Jla  knots  ; ANGLE  OF  ATTACK  - _S.  deg.  ; SIDESLIP  ANGLE  ■ ^ deg. 


tECOVERY.  AVERAGE  TURBULENCE.  AMD  OTSTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  ; READING  NUMBERS 


FREESTREAM  VELOCITY  - ifjlL  knots  ; ANGLE  OF  ATTACK  - 2£  deg.  ; SIDESLIP  ANGLE  - ^ deg. 
PAUA  OPERATING  POINT  VALUES  : M2«  g-5?  ; REC-  ; TURB-  ; OIST- 
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RECOVERY,  AVERAGE  TURBULERCE,  AMO  OrSTORTIOH  VS.  FAR  FACE  RACH  NUMBER 
CONFIGURATION  ; READING  NUMBERS  g3gg--z3?;F„ 

FREESTREAM  VELOCITY  • Jls.  knots  ; ANGLE  OF  ATTACK  - Jii  deg.  ; SIDESLIP  ANGLE  - fi_  deg. 


RECOVERY.  AVERAGE  TURBULERCE , ARO  OISTORTION  VS.  FAR  FACE  MACH  RUNBER 


CORFIGURATIOH  ^ ; REAOIRG  RUNBERS 

FREESTREAN  VELOCITY  ■ Jo,  knots  ; ARGLE  OF  ATTACK  - 7£  deg.  ; SIDESLIP  ANGLE  • .a.  deg. 
nUA  OPERATING  POINT  VALUES  : R2*  ; REC-  ; TURB-  »«>°<»  ; DIST-  .ofiS 
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RECOVEItr.  AVERAGE  TURBULENCE,  AND  OtSTORTION  VS.  RM  FACE  MACH  NUMBER 
CONFIGURATION  ^ ; READING  NUMBERS  2^^9-zt/oz 
REESTREAM  VELOCITY  - Jia.  knots  ; ANGLE  OF  ATTACK  - ^ deg.  ; SIDESLIP  ANGLE  - .2.  deg. 
FIMA  OPERATING  POINT  VALUES  : M?-  g g3  ; REC-  ; TURB-  ; DIST-  _i£S2 


KCOVERY.  AVCRAfiE  TUWULEMCE.  AM)  OISTORTION  VS.  FAR  FACE  RACH  NUMBER 


CONFIGURATION  ^ ; READING  NUMBERS  2^03- z¥o7 
FREESTREAN  VELOCITY  - knots  ; ANGLE  OF  ATTACK  ■ Jg  deg.  ; SIDESLIP  ANGLE  • ^ deg. 
PIMA  OPERATING  POINT  VALUES  : M?-  P S3  ; REC-  ; TURB-  ; dIST- 
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•ECOVERY.  AVERAGE  TURBULEIICE.  A»  OISTORnOA  VS.  FAR  FACE  RACH  NUMER 
CONFIGURATION  JL.  ; READING  NUMERS 

FREESTREAN  VELOCITY  • JlJt.  knots  ; ANGLE  OF  ATTACK  • deg.  ; SIDESLIP  ANGLE  • -^*9- 
PAMA  OPERATING  POINT  VALUES  : H2«  Q»S3-  ; REC-  j5S!L  i TURB-  .tggZ.  ; D1ST« 
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KCOVERY.  AVERACE  TURBULENCE.  AND  OtSTORnON  VS.  HW  FACE  MACH  NUMBER 
CONFiaiRATION  ^ ; READIN6  NUMBERS  3^/3- /V/ 7 
FIEESTREAM  VELOCm  - knots  ; ANGLE  OF  ATTACK  - ZSS  deg.  ; SIDESLIP  ANGLE  • deg. 
PIHA  OPOATING  POINT  VALUES  : M9-  o-33  ; rec-  AH  ; TURB-  ; DIST-  -aA9 
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KCOVERY.  AVERAGE  TURBULENCE.  ARO  OrSTORTION  VS.  FAN  FACE  MACH  NUHBER 
CONFIGURATION  ^ ; READING  NUWERS  2m3~z<izi 
FREE5TREAN  VELOCITY  • JSL  knots  ; ANGLE  OF  ATTACK  ■ ^ deg.  ; SIDESLIP  ANGLE  - ^ deg. 
^ OPERATING  POINT  VALUES  : N2*  i HEC-  .^65  ; TURB-  -ooe.  ; DIST-  -oe^- 
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ORIGINAL  RAGE  IS 
OF  POOR  QUALITY 


KCOVEtr.  AVERAGE  TUMULEMCE.  m ttSTORnON  vs.  HM  FACE  MACH  NUMBER 
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ORlGrriAL  PAGE  IS 
OF  POOR  QUALITY 


HECOVERY,  AVERAGE  TURBU1.ERCE,  AMO  OtSTORTIW  VS.  FAR  FACE  RACK  NUMBER 
CONFIGURATION  ; READING  NUMBERS 

FREESTREAM  VELOCITY  ■ knots  ; ANGLE  OF  ATTACK  - Zs.  <le9-  • SII^LIP  ANGLE  - — ^*9- 
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KCOVERY.  AVERA6E  TUmULENCE,  Mn  DISTORTION  VS.  FAN  FACE  HACK  NUMBER 
C0NF16URATI0N  ^ ; REA01N6  NUWERS 

FtEESTREAN  VELOCITY  - JSL  knots  ; ANGLE  OF  AHACK  - 2£  d<9.  *.  SIDESLIP  ANGLE  - deg. 
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lECOVERY,  AVERAGE  TURBULENCE.  AMO  OTSTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  ^ ; READING  NUMBERS  2^7-2Sol 
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RECOVERY,  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  _2_  ; READING  NUMBERS  zsar-xsn 
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DISTORTION  VS.  ANGLE  OF  ATTACK 
F&WA  F-lOO  MATCH  AIRFLOW,  ENGINE  FACE  MACH  NUMBER  ■ 0.53 
FREESTREAM  VELOCITY  - Jo.  knots;  SIDESLIP  ANGLE  degrees 

CONFIGURATION:  NUMBER  _2_  ; DESCRIPTION  /t-M 
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RECOVERY.  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  NACH  NUMBER 
CONFIGURATION  ^ ; READING  NUMBERS 

FREESTREAM  VELOCITY  - _2_  knots  ; ANGLE  OF  ATTACK  ■ jgSL  deg.  ; SIDESLIP  ANGLE  • ^ deg. 
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RECOVERY.  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  NACH  NUMBER 
CONFIGURATION  ; READING  NUMBERS 
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RECOVERY,  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  3S^  ; READING  NUMBERS 

FREESTREAM  VELOCITY  - knots  ; ANGLE  OF  ATTACK  • 1£  deg.  ; SIDESLIP  ANGLE  - ^ deg. 
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RECOVERY.  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  HACK  NUMBER 
CONFIGURATION  3^  ; READING  NUMBERS  2«37»ziuz. 
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RECOVERY,  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  ; READING  NUMBERS  ?i8i-zi9<. 

FREESTREAM  VELOCITY  - Jfi.  knots  ; ANGLE  OF  ATTACK  • 12.  deg.  ; SIDESLIP  ANGLE  - .2.  deg 
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RECOVERY,  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
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RECOVERY.  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
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RECOVERY.  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  2Sl  ; READING  NUMBERS  Ffog-fZfll. 
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RECOVERY,  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  : READING  NUMBERS  aQ6~H\'i 


FREESTREAM  VELOCITY  ■ 122.  knots  ; ANGLE  OF  ATTACK  ■ J£.  deg.  ; SIDESLIP  ANGLE  - .2.  deg. 
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RECOVERY,  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  ; READING  NUMBERS 

FREESTREAM  VELOCITY  - iis.  knots  ; ANaE  OF  ATTACK  - 22.  deg.  ; SIDESLIP  ANGLE  - o dea 
PAMA  OPERATING  POINT  VALUES  : M*-  ±21.  ; REC-  -JOl  ; TURB^  -qnh  ; JisT- 
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RECOVERY.  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  HACK  NUMBER 
CONFIGURATION  ^ ; READING  NUMBERS 

FREESTREAM  VELOCITY  - 12S.  knots  ; ANGLE  OF  AHACK  - deg.  ; SIDESLIP  ANGLE  - ^ deg. 
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KCOYERY.  AVERA6E  TURBW.EtKE,  MB  HSTORTION  VS.  FWI  FACE  NACH  NUMBER 
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DISTORTION  VS.  ANGLE  OF  ATTACK 
P&MA  F-IOO  MATCH  AIRFLOW,  ENGINE  FACE  MACH  NUMBER  - 0.53 
FREESTREAM  VELOCITY  -Ji2.  knots;  SIDESLIP  ANGLE  - degrees 
CONFIGURATION:  NUMBER  ; DESCRIPTION  l,p 
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DISTORTION  VS.  ANGLE  OF  AHACK 
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CONFIGURATION:  HUMBER ia.;  DESCRIPTION  — L-P  


FREESTREAM  VELOCITY  - WOTS 


67 


68 


COWL  STATION 


NV3JaS33JUjljy1»103^DIiVlSjj 


69 


71 


72 


COWL  STATION 


/Jo,  ~=  , 

^*rf/o%Ai  i/i  - ffO  ^ O 


ORIGINAL  PAGC  is 
OF  POOR  QUALITY 


Cowl  <Sr>vr/oV 


L\^  BoSeLlot  /vl«fch  fl.rf/ov-  V6^0OKn.U  -<sqs‘  a A 


74 


f\ 


>C3*cir  A/b».JZ.V 

A^^tcu  o £’k/c»-"«/  ^ A/f 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


Cowl  Station 


76 


COWL  STATION 


77 
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TOTAL  PRESSURE  RATIO  VS.  RAKE  HEIGHT  RATIO 
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COWL  LIF  EXIT  RAKE  TOTAL  PRESSURE  PROFILE 
TOTAL  PRESSURE  RATIO  VS.  RAKE  HEIGHT  RATIO 

COHFIGURATION:  HUMBER  DESCRIPTION  . ,5g^f.e £>A»et,/vg 


FREESTREAM  VELOCITY  ■ Ho  knatt 
ANGLE  OF  ATTACK  -_J2_degrMt 

SIDESLIP  ANGLE  -_jfi_d«grMS 

ENGINE  FACE  MACH  NUMBER  - -^33 


COWL  LIF  EXIT  MICE  TOTAL  FRESSURC  RROFILE 
TOTAL  RRESSURE  RATIO  VS.  RAKE  HEIGHT  RATIO 

CONFIGURATION;  HMRFR  : DESCRIPHON  ,Si!flS£ ki£ — B**^^**f 


FREESTREAM  VELOCITT  -.S^  knots 
MIGLE  OF  AHACK  -_2_ degrees 

SIDESLIP  ANGLE  degrees 

ENGINE  FACE  MACH  NUMBER  - -5Z<} 


COWL  LIF  EXIT  RAKE  TOTAL  FRESSURE  FROFILE 
TOTAL  FRESSURE  RATIO  VS.  RAKE  HEIGHT  RATIO 

COHFIGURAnOH:  WIMBFR  3a.  . PFSCBTPTTnN  Shak  P Lif'  g^euAlg 


FREESTREAM  VELOCITY  -_g2_  knots 
AfiGLE  OF  AHACK  • JLS-degrcts 

SIOESLIF  ANGLE  •_2_d«grtts 

ENGINE  FACE  NACH  NUeER  • ■ 


84 


COWL  LIP  EXIT  RAKE  TOTAL  PRESSURE  PROFILE 
TOTAL  PRESSURE  RATIO  VS.  RAKE  HEIGHT  RATIO 


COHFIGURAnON;  WIMBFR  Sq  ; OESCRIPHOH 


FREESTREAM  VELOCITY  knots 

ANGLE  OF  ATTACK  -.^dtortts 

SIDESLIP  ANGLE  •_j2_dogrMS 

ENGINE  FACE  PUCH  NUMBER  • » Sz<? 


liip 


H-  2.870  In. 

— T 

r 

1 

h 

COWL 

6.d  0.4 


0.6  0.7 

^^T^COHL^f^TWESTREAH 


86 


cow.  LIF  EXIT  RAKE  TOTAL  RRESSURE  RROFILE 
TOTAL  RRESSURE  RATIO  ¥S.  RAKE  HEIGHT  RATIO 

C0NH6URATI0N:  HUMBER  _iA_;  DESCRIPTIOM  _2ii£&C Lj£ — 


FREESTREAM  VELOCITT  -l£2.  knots 
ANGLE  OF  AHACK  -_2^dtgrMS 
SIDESLIP  ANGLE 
ENGINE  FACE  MACH  NUMBER  > 


87 


RECOVERY,  AVERAGE  TURBULENCE,  AND  DISTORTION  VS  FAN  FAFF  kuru  yimoro 
FREESTREAM  VELOCITY  OF^ATTACk'T’S^ 

-n  nil  III 


88 


recovery,  average  turbulence. 

r«roT««.  •ELS?" ‘rs“  i Kfv 

PtUA  OPERATING  POINT  VALUES  : M? 

Him  Him  i|  I HillflTr’n 


>>  m 

o M 

^ H 


FAN  FACE  MACH  HUMBER 


RECOVERY.  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  Ik  ; READING  NUMBERS  2Z(j, 

FREESTREAM  VELOCIH  - iifi.  knots  ; ANGLE  OF  ATTACK  - M.  deg.  ; SIDESLIP  ANGLE  - A deg. 
P»A  OPERATING  POINT  VALUES  : Mj-  O.S5  ; REC-  .Tog  ; TURB-  ; DIST- 


90 


RECOVERY,  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  Jk  ; READING  NUMBERS  ?Z72. 

FREESTREAM  VELOCITY  ■ knots  ; ANGLE  OF  ATTACK  • deg.  ; SIDESLIP  ANGLE  ■ ® deo 

PSUA  nnrOATTNC  DoryT  uamrc  . m a L'*  * _ oeg. 


PAWA  OPERATING  MINT  VALUES  : My 


HiiiTiiiiiTiirmiiinnitTniTif 


92 


93 


RECOVERY,  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  ^ ; READING  NUMBERS  gzflb- 

FREESTREAM  VELOCITY  - ifflL  knots  ; ANGLE  OF  AHACK  • >J£,  deg.  ; SIDESLIP  ANGLE  - .2-  deg. 
PBUA  OPERATING  POINT  VALUES  : Mj-  Q-S3  ; REC-  ; TURB-  ; msT- 


94 


95 


RECOVERY.  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  ^ ; READING  NUMBERS  2298-  23o3 
PREESTREAM  VELOCITY  - ^ knots  ; ANGLE  OF  ATTACK  - IS,  dog.  ; SIDESLIP  ANGLE  - .2.  deg. 
PAWA  OPERATING  POINT  VALUES  : M>-  Q-S3  ; REC-  ; TURB-  ; OIST*  ./Y# 


0.4  0.5 

FAN  FACE  MACH  NUMBER 


96 


RECOVERY,  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FAN  FACE  HACH  NUMBER 
CONFIGURATION  ^ ; READING  NUMBERS  23o«^-  2-3og 
FREESTREAN  VELOCITY  - ifi.  knots  ; ANGLE  OF  AHACK  - HL  deg.  ; SIDESLIP  ANGLE  - £.  deg. 
PIMA  OPERATING  POINT  VALUES  : Mj-  0>53  ; rec-  ; TURB-  .^^8  ; OIST« 


97 


RECOVERY,  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  HACH  NUMBER 
CONFIGURATION  2k.  ; READING  NUMBERS  Z3io-Z3iu 
FREESTREAM  VELOCIH  • knots  ; ANGLE  OF  ATTACK  • 2L  deg.  ; SIDESLIP  ANGLE  - 0 deo 
PMA  OPERATING  POINT  VALUES  ; M;»-  ; REC-  x2fi2.  ; TURB-  ; qIST-  JzZ. 


98 


RECOVERY,  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FAN  FACE  HACH  NUMBER 
CONFIGURATION  ^ READING  NUMBERS  Zill-  zgzs 
REESTREAM  VELOCITY  - iSL  knots  ; ANGLE  OF  ATTACK  • 32_  deg.  ; SIDESLIP  ANGLE  - deg. 
PAUA  OPERATING  POINT  VALUES  ; M?-  o»53  ; REC-  .iML  : TURB-  _t£H.  ; OIST-  iL2k 


153 


IS  I o 


=5—5= 


=55= 


=^^a;i:5zs5s;5SS»««»^ 


3sin::5^»=S 


=5s 


_=®L 

|i^55s 
E555ssa 


5s 


E5s 


s 

I ~J! 

3- 


I 5nsstH;;^$^S 
i S:555^5__ 


mfmmrn  m 

=55t^s 


FAN  FACE  HACH  NUMBER 


99 


RECOVERY,  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  2k  : READING  NUMBERS  2323-g:&28 
PREESTREAM  VELOCITY  ■ knots  ; ANGLE  OF  ATTACK  • il£.  deg.  ; SIDESLIP  ANGLE  ■ _2_  deo 
PlUA  OPERATING  POINT  VALUES  : M?-  0 S3  ; rec-  _i£a5  ; TURB-  ; DIST- 


^ -mp  n 

;i  :iil: :::::  iSH 


100 


RECOVERY,  average  TURBULENT  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
FREESTREAM  VELOCITY  ^ 5f 

_PAWA  OPERATING  POINT  mUE?  ! M,I  £k  /SS"  ^^^l^LIP  ANGLE  • JLdeg. 


101 


HECOVERY,  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  2L  ; READING  NUMBERS 

FREESTREAM  VELOCITY  ■ knots  ; ANGLE  OF  ATTACK  ■ ££  deg.  ; SIDESLIP  ANGLE  ■ o deo 
PAUA  OPERATING  POINT  VALUES  : M?*  0-53  ; REC"  ; TURB<>  ; DIST«  « i*fo 


0.4  0.5 

FAN  FACE  MACH  NUMBER 


102 


ummiiiiittUflliHfHfHHMnilMWItHHfMI!! 


103 


RECOVERY.  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  NACH  NUMBER 
CONFIGURATION  : READING  NUMBERS  ^3ss 

REESTREAM  VELOCITY  - Ua  knots  ; ANGLE  OF  ATTACK  ■ ^ deg.  ; SIDESLIP  ANGLE  ■ JL  deg. 
PIWA  OPERATING  POINT  VALUES  : M2-  0-53  ; REC-  ; TURB-  ; DIST- 


104 


nrnTT 


RECOVERY,  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  2k.  ; READING  NUMBERS 


105 


RECOVERY.  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  2k  ; READING  NUMBERS  Z3t,z-g3<,-7 


! :)6 


WCWCTT 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


108 


T2'MAX  ■ ^'^T2'HIN 


DISTORTION  VS.  AHttE  OF  ATTACK 
P&WA  F-100  MATCH  AIRFLOW,  ENGINE  FACE  MACH  NUMBER  - 0.53 
FREESTREAM  VELOCITY  • J£_  knots;  SIDESLIP  ANGLE  - degrees 
CONFIGURATION:  NUMBER.^;  DESCRIPTION  CAv’.ij 


109 


Ti'wJ  An 


ORIGINAL  PAGE  fS 
OF  POOR  QUALITY 


msmm  m mnABE  TimuiENCE  vs.  MaE  of  attack 
MM  P«1ii  IMTDI  AlAFLOU,  FAK  FACE  MACH  NUMBER  - 0.53 
FREESTREAM  mOCITT  • 120  hMtt;  SIDESLIP  ANGLE  - 0 Atg. 

CONFIOMATION:  MMCR  BCSCRIPTION  


110 


RECOVERY,  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  ^ ; READING  NUMBERS  <?7?-  ?6g 
FREESTREAM  VELOCITY  - knots  ; ANGLE  OF  ATTACK  - £o  deg.  ; SIDESLIP  ANGLE  ■ _£.  deg. 
P&UA  OPERATING  POINT  VALUES  : My-  Q-53  ; REC-  iSZL  ; TURB-  .g33-  ; DIST-  ^£03.  _ 


vtSS— SS=3SSS35E 


0.4  O.S 

FAN  FACE  MACH  NUMBER 


111 


RECOVERY.  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  ; READING  NUMBERS  ^69-9?*^ 

FREESTREAM  VELOCITY  - iifl.  knots  ; ANGLE  OF  AHACK  - deg.  ; SIDESLIP  ANGLE  - ^ deg. 
PWA  OPERATING  POINT  VALUES  ; Mj-  0-93  ; REC-  » BTfl  ; TURB-  ; DIST-  • 


0.4  0.5 

FAN  FACE  MACH  NUMBER 


112 


RECOVERY.  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  ik:  ; READING  NUMBERS  *W5-  lOQia 
FREESTREAM  VELOCITY  • knots  ; ANGLE  OF  ATTACK  - ££.  deg.  ; SIDESLIP  ANGLE  ■ deg. 


113 


RECOVERY.  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  HACK  NUMBER 
CONFIGURATION  ; READING  NUMBERS  /ooi-  ioo<- 
FREESTREAH  VELOCITY  - knots  ; ANGLE  OF  AHACK  - dS.  deg.  ; SIDESLIP  ANGLE  • ^ deg. 
PiWA  OPERATING  POINT  VALUES  : M?-  0 93  ; REC-  ; TURB-  ’<>9B  ; dIST-  -'s/ 

■ rriTTTTr  T 


0.4  0.5 

fan  face  MACH  NUMBER 


114 


RECOVERY.  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  MACH 
CONFIGURATION  iSe.  ; READING  NUMBERS  <oo7-  loiJ. 
REESTREAM  VELOCITY  - knots  ; ANGLE  OF  ATTACK  • 22.  deg.  ; SIDESLIP 
PAWA  DPERATING  POINT  VALUES  : M2»  0-53  ; REC-  i®25L  ; TURB-  -oMI  ; 


NUMBER 

ANGLE  - JL  deg. 
DIST- 


115 


RECOVERY.  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  2Cl.  ; READING  NUMBERS  -/o/a 
FREESTREAN  VELOCITY  ■ ^ knots  ; ANGLE  OF  AHACK  - 2£.  deg.  ; SIDESLIP  ANGLE  - ^ deg. 
PWA  OPERATING  POINT  VALUES  : M?«  ; REC-  . JURB-  -oWz  ; OIST-  -71/ 


116 


RECOVERY.  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FAN  FACE  WCH  NUMBER 
CONFIGURATION  ^ ; READING  NUMBERS  rff/f- ^^^7- 
FREESTREAM  VELOCITY  • knots  ; ANGLE  OF  ATTACK  ■ deg.  ; SIDESLIP  ANGLE  ■ ^ deg. 
PMA  OPERATING  POINT  VALUES  : Mj-  ; REC-  ; TURB-  PIST- 


0.4  0.5 

FAN  FACE  MACH  NUMBER 


U7 


RECOVERY,  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  Jfit  ; READING  NUMBERS  /o2S-/o3o 
FREESTREAM  VELOCITY  ■ ££.  knots  ; ANGLE  OF  AHACK  • deg.  ; SIDESLIP  ANGLE  - o d-n 
PMIA  OPERATING  WINT  VALUES  ; My  ; REC«  ; TURB>  -030  ; OIST* 


0.4  0.5 

FAN  FACE  MACH  NtMBER 


118 


RECOVERY.  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  3L  ; READING  NUMBERS  /QJ/-  /o^C, 


119 


RECOVERY,  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FAN  FACE  HACH  NUMBER 
CONFIGURATION  ; REAOING  NUMBERS 

FREESTREAM  VELOCITY  ■ M.  knots  ; ANGLE  OF  ATTACK  ■ 15  deg.  ; SIDESLIP  ANGLE  - 0 deg 
PWA  OPERATING  POINT  VALUES  s Mj-  .2^  ; REC-  J3S.  ; TURB-  o3<?  ; oiST-  Jzl 


0.4  0.5 

FAN  FACE  MACH  NUMBER 


120 


RECOVERY.  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  3Sl  i READING  NUMBERS  loH8 

FREESTREAM  VELOCITY  • knots  ; ANGLE  OF  AHACK  ■ 22.  deg.  ; SIDESLIP  ANGLE  - JL  deg. 
PWA  OPERATING  POINT  VALUES  : M?-  P-SS  ; REC-  -97*  ; TURB-  -oyfe  ; DIST-  • 

::i^ 


:nssariasgg;^s:::r55!a:^l^git:S33sii 


mmmmmmmm 


mmmm 


;nS=Sc= 

rttsnsagSasss 


aaa::ssgtsss::jg:sg:r 


iaaaaaaaaaaaaeai 


IS: 


=aa~B— — ~B— aai 


lag; 


SSt 


isa 


•SBi 


mmi 


•=53 

E 

E 

B ' 

S 

|. 

[f 

IM 

S, 

a.*- 

1 

n 

< 

IT 

1 

c 

B’ 

j ^ 

A» 

Z 

2 

I 

3 

i : 

X 

1 

iStcggg^gSSs:: 


=Si 


• »S«SS  S22l  SZSC  2S3S2  SXSS*  SSS  fl 


;ss:a 


M Smm  & 

SBJtsmSt: 


g£5H 


?g;Sg;S^s«;SSc5tSa 


i::tx::£nr  ;T^Stt:£ 


h^it^ssia 


<n3«2r! 


gHH:: 
eiStri 


0.4  O.S 

FAN  FACE  NACH  NUMBER 


121 


122 


RECOVERY,  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  ; READING  NUMBERS 

FREESTREAM  VELOCITY  ■ IL  knots  ; ANGLE  OF  ATTACK  - ilfi.  deg.  ; SIDESLIP  ANGLE  - S.  deg. 


123 


RECOVERY.  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  HACK  NUMBER 
CONFIGURATION  2l.  i READING  NUMBERS  /ow- 

FREESTREAM  VELOCITY  - liSL  knots  ; ANGLE  OF  AHACK  - £_  deg.  ; SIDESLIP  ANGLE  - ^ deg. 
PMA  OPERATING  POINT  VALUES  : M»-  O S2  ; REC-  ; TURB-  ; DIST- 


124 


RECOVERY,  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  ^ ; READING  NUMBERS  lQkl-(01i 


125 


T2'MAX  '*^T2'MIir 


RECOVERY,  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  HACH  NUMBER 
CONFIGURATION  ^ ; READING  NUMBERS  >07i-<079 


126 


127 


RECOVERY.  AVERAGE  TURBULENCE , AMO  BtSTORTION  VS.  FAN  FACE  PMCH  NUMBER 
CONFIGURATION  J26.  ; READING  NUMBERS  lOH-  /Q% 

FREESTREAM  VELOCITY  - }2S.  knots  ; ANGLE  OF  ATTACK  - dSL  Ueg.  ; SIDESLIP  ANGLE  • JL  deg. 
FIMA  OPERATING  POINT  VALUES  : N2-  <>■”  ; REC-  .136  ; TURB-  .o5<>  ; DIST- 

^ m 


128 


RECOVERY.  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  ^ ; READING  NUMBERS  'F??-  . 


129 


ORIGtNAL  PAGE  IS 
OF  POOR  QUALITY 


KWWiT  m AVCItME  mULENCC  vs.  M«LE  OF  ATTACK 

nm  0-Mi  imai  amfloh.  far  face  hack  nupkr  - o.sa 

ftmTKAM  VOOCITT  • iMtt;  SIOESLIF  AMLE  - _q_  «t0. 


•.00 


• fO  40  00  00  100  120 

lyHLf  or  ATTACK  - OtfrMt 


130 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


marmt  m maim.  immvKi  n.  mmi  of  ahacic 

PM  PUM  MTCi  AttaOH.  FAi  FACE  MAO«  MMKt  • 0.13 

mtsTKAii  mocm  • _ao_  amu:  fiotsiiF  ancle  - _o_  otf. 


CONFIODMTNi: 


Ar.  I KSCIIFTlOi 


T2'MAX  ‘ 


DISTORTIW  VS.  AN6LE  OF  ATTACK 
P&WA  F-lOO  NATCH  AIRFIOIT.  ENGINE  FACE  NACH  NUNBER  - 0.53 
FREESTREAM  VELOCITY  knots;  SIOESLIP  ANGLE  - _ft_  degrees 

CONFIGURATION:  NUMBER  3c.  ; DESCRIPTION  /?J/  Pag/. 


132 


Rccovm 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


mtmf  m arms  imuLom  vs.  mmle  or  attack 
MM  i>4ii  tmai  AtnaoM.  pm  nee  pmcn  numer  - o.ss 
ptosTKM  vaocm  • swesup  MaE  - _o__  « 


.33 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


lECOVERY.  AVERA6C  TURfULENCE.  MU)  OFSTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFiaiRATION  ^ ; REAOINC  NUMBERS  3135-  3iH3 


134 


RECOVERY.  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FAN  FACE  HACK  NUMBER 
CONFIGURATION  M.  i READING  NUMBERS  3lWfc-3i&l 
FREESTREAM  VELOCITY  - Jt£.  knots  : ANGLE  OF  ATTACK  - ^ deg.  ; SIDESLIP  ANGLE  - jS.  deg. 
P&UA  OPERATING  POINT  VALUES  : Mj-  a.53  ; REC-  ; TURB-  _t£^  ; nT«;T.  . /oV 


135 


RECOVERY.  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  ^ ; READING  NUMBERS  3151-3)57 
FREESTREMt  VELOCITY  - Jl2.  knots  ; ANGLE  OF  ATTACK  ■ 22.  deg.  ; SIDESLIP  ANGLE  ■ JL  deg. 
PMA  OPERATI^^^^mUES  ; DIST-  -/32 


136 


RECOVERY.  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  ^ ; READING  NUMBERS  3lS8-  3iu2 
REESTREAM  VELOCITY  - knots  ; ANGLE  OF  ATTACK  - US.  deg.  ; SIDESLIP  ANGLE  - JL  deg. 
PAMA  OPERATING  POINT  VALUES  : Mj-  fl-53  ; REC-  ; TURB-  .o3a  ; dIST-  ./57 


137 


RECOVERY.  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  2d.  ; READING  NUMBERS  -3 IL9 
FREESTREAM  VELOCITY  • Jia  knots  ; ANGLE  OF  ATTACK  ■ 22.  deg.  ; SIDESLIP  ANGLE  - ^ deg. 
PAWA  OPERATING  POINT  VALUES  : M?-  0-^3  ; rec-  .b8(p  ; TURB-  -o^l  ; OIST- 

ILVTT';-  I . I'.'  I ! ! 11  ' 11  ' 1 . ; -J  ■ : i . .ii  ■ i ■ -i-  • <1  • — -i  . • ...  . - m . . .......  . , 


RECOVERY,  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  ; READING  NUMBERS  3170-37^ 


139 


RECOVERY.  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  ; READING  NUMBERS  yfli 

FREESTREAM  VELOCITY  - dS.  knots  ; ANGLE  OF  ATTACK  - no.  deg.  ; SIDESLIP  ANGLE  - deg. 
PAHA  OPERATING  POINT  VALUES  : M?-  (L£L  : REC-  iSid.  i TURB-  ; DIST-  .'^7 


140 


RECOVERY,  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  ^ ; READING  NUMBERS  3167 


FREESTREAM  VELOCITY  • Jo  knots  ; ANO.E  OF  ATTACK  - _2.  <Jeg.  ; SIDESLIP  ANGLE  - _£  deg. 
P*WA  OPERATING  POINT  VALUES  ; M2-  0-52  ; REC-  -TJa  ; TURB-  ; DIST- 


141 


RECOVERY.  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  2d,  ; READING  NUMBERS  Sl8e-3»<?z 
FREESTREAM  VELOCITY  ■ ^ knots  ; ANGLE  OF  ATTACK  - zo  deg.  ; SIDESLIP  ANGLE  - deg. 

P4MA  OPERATING  POINT  VALUES  : M2-  gJ-3  ; RFC-  .12Z  ; TURB-  ; DIST-  ■ 


” 


ia 


?iasTrtnzBsgs5iaig!CsSgg!gHg=3iattin!iigigaagitgigg 


CS3»= 

m 


. mmmmmm&mmmmmmmmmmmm 


142 


RECOVERY.  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  : READING  NUMBERS  3l«T3-3l*?7 


143 


RECOVERY.  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  ^ ; READING  NUMBERS  3i^B-  3zoz 


144 


IteCOVERY.  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  P1ACH  NUMBER 
CONFIGURATION  ; READING  NUMBERS  3203-3zo6 
FREESTREAM  VELOCITY  - i2_  knots  ; ANGLE  OF  AHACK  • deg.  ; SIDESLIP  ANGLE  - X deg. 

PAWA  OPERATING  POINT  VALUES  : M?-  0-53  ; REC-  -BUZ  ; TURB-  ; DIST-  « 2QQ 




iiU  g5^=^^^^^SB^g^S§ggSBgBaiMil 

mmmmmmmmmmmwmmmi 

= se5«s=5s«s2^srassSi 



mmmmmmmmmm^mmmmsmmmmi 


mmmmmmmmmmmmmmmm 
^^mm^mmmmmmmmmmmmmmmmmmmm^ 

:=SKXS=sar  ~ “ 

SSSs 


i: 

c 

g 

& 

I 

2 

£ 

5 

ri 

£ 

<s 

£ 

IT 

£ 

1 

1 

H 

a.  H 

£ 

2 

£ 

s 

E 

IM 

E 

E 

E 

S 

a. 

& 

£ 

g 

1 

I 

145 


hECOVERY,  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  ; READING  NUMBERS  3zo<-  32 iV 
FREESTREAM  VELOCITY  ■ knots  ; ANGLE  OF  ATTACK  • U2.  deg.  ; SIDESLIP  ANGLE  ■ ® 
PWA  OPERATING  POINT  VALUES  : M2*  Q-S3  ; REC-  .BHS  ; TURB-  -oSt  ; DIST-  . iB<^ 


^mmm  _ 

KiiZxAli  ux::3c:ss;s:^«sst:^:scdiB3:cc2:= 

’s5!TS5  y~?^«l^»?y^*4"''SB;gsggia!cccs; jj 




E5E= 


mmmmmmmmmi 


EMfr^  BBss^BsBBBBbBsBBbBBI 


eBBssB: 


igBlj 


^SSs 


iT  I 

I "T! 

s- 


I*  tilii  ^ 

^>11K 


zm^ 


146 


Recovery,  average  turbulence,  and  distortion  vs.  fan  face  nach  number 

CONFIGURATION  ^ ; READING  NUMBERS 

REESTREAM  VELOCITY  • lift  knots  ; ANGLE  OF  ATTACK  - JL.  deg.  ; SIDESLIP  ANGLE  • fl_  deg. 
P&UA  OPERATING  POINT  VALUES  ; M?-  ; REC-  ; TURB-  ; DIST-  aH£- 


=ggjgii==55iS=ii 


mm^mmmmmmsmmmm 


Essas 


:S3 


sT  S 


Eaa 


iaSa 


r:ai 


r-as 


saa^s 


5tSS 


3aas 


147 


kECOVERY,  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  ^ ; READING  NUMBERS  32Z/-  922$ 


148 


Recovery,  average  turbulence,  and  distortion  vs.  fan  face  mach  number 

CONFIGURATION  JLl  ; READING  NUMBERS  3Z3p 

FREESTREAM  VELOCITY  - iS2  knots  ; ANGLE  OF  ATTACK  - V5  deg.  ; SIDESLIP  ANGLE  - deg. 


149 


RECOVERY,  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  ^ ; READING  NUMBERS  3Z3Z-3Z3^ 

FREESTREAM  VELOCITY  - US.  knots  ; ANGLE  OF  AHACK  ■ 12_  deg.  ; SIDESLIP  ANGLE  - JL  deg. 
PWA  OPERATING  POINT  VALUES  : M?-  0.55  ; REC-  -g7t>  ; TURB-  ; DIST-  • zzo 


150 


HMHHiiilUmnillHI'Htn 


Recovery,  average  turbulence,  and  distortion  vs.  fan  face  nach  number 

CONFIGURATION  2A.  ; READING  NUMBERS 
FREESTREAM  VELOCITY  - 12a,  knots  ; ANGLE  OF  ATTACK  - 31.  deg.  ; SIDESLIP  ANGLE  - £.  deg 
P&UA  OPERATING  POINT  VALUES  : M9-  0-SI  ; REC-  ..BHU  ; TURB-  ; DIST- 


151 


RECOVERY.  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  2L  ; READING  NUMBERS  3ZWJ-3Z*/7 


152 


HECTTCTT 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


■cwotT  m matm.  turmleiice  vs.  mwle  of  ahack 

MM  F-lil  MTn  AIRFLOM.  FAR  FACE  NACN  RIMKR  - 0.S3 
FWESnCAfI  VtLOCm  - kMts:  SteCSLIF  ARaE  - o «I0. 


• N 40  M io  100  120 


IfmS  OF  ATTACK  - OtfrMC 


154 


T2^AVE 


DISTORTION  VS.  ANGLE  OF  AHACK 
PWA  F-100  MATCH  AIRFLOW,  ENGINE  FACE  MACH  NUMBER  • 0.53 
FREESTREAM  VELOCITY  knots;  SIDESLIP  ANGLE  degrees 

CONFIGURATION;  NUMBER  ^ ; DESCRIPTION  ll&ta 


155 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


156 


RECOVERY,  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  JL.  ; READING  NUMBERS  ^/o 

FREESTREAM  VELOCITY  ■ knots  ; ANGLE  OF  ATTACK  - £o  deg.  ; SIDESLIP  ANGLE  - _£  deg. 
PMA  OPERATING  POINT  VALUES  : M?-  0-^^  ; REC-  i31±.  ; TURB-  -oze  ; DIST-  -077 


l==iKSi 


ilIBi 


IB 

J3 

(« 

J 

1 

c 

a. 

Is 

Ql 

liHir  S£: 
snrr  sn:un: 


157 


RECOVERY,  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  JL  ; READING  NUMBERS 

FREESTREAM  VELOCITY  - knots  ; ANGLE  OF  ATTACK  - _2_  deg.  ; SIDESLIP  ANGLE  ■ O deg 
PAWA  OPERATING  POINT  VALUES  : M?-  ; rec-  ; TURB-  » O^S  . oiST~ 

‘ ‘ — >"-M;Trt-rTT»'TrT»rr»n-  i . i « ■ ' . i t.  . . : : ■ !Tij.g  1 ^ : i . . .. , t7  . i— r * 


158 
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CONFIGURATION  Ji_  ; READING  NUMBERS  &5/- 

PREESTREAM  VELOCITY  • i£o  knots  ; ANGLE  OF  ATTACK  ■ _fi,  deg.  ; SIDESLIP  ANGLE  ■ .2.  deg. 
PBUA  OPERATING  POINT  VALUES  : M?-  0.53  ; rec-  ; TURB-  .Qia  ; dIST-  .ofla 


170 
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SIDESLIP  ANGLE  ■ 0 DEGREES 


FREESTREAN  vaOCITT  - KNOTS  209 


210 


COWL  STATION 


211 


212 


COWL  LIP  EXIT  RAKE  TOTAL  PRESSURE  PROFILE 
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lECOVERY.  AVERAGE  TURBULENCE.  AW)  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
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COWL  STATION 


COWL  LIP  EXIT  RAKE  TOTAL  PRESSURE  PROFILE 
TOTAL  PRESSURE  RATIO  VS.  RAKE  HEIGHT  RATIO 
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COWL  LIP  EXIT  RAKE  TOTAL  PRESSURE  PROFILE 
TOTAL  PRESSURE  RATIO  VS.  RAKE  HEIGHT  RATIO 
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CONFIGURATION  -fi.  ; READING  NUMBERS  , o . 

FREESTREAN  VELOCITY  - JiZ  knots  ; ANGLE  OF  ATTACK  • 12  deg.  ; SIDESLIP  ANGLE  ■ .2.  deg. 
PIMA  OPERATING  POINT  VALUES  ; N2*  *•  REC«  .xlfeL  ; TURB-  i DIST-  aAZL 


291 
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KCOVERY.  AVERAfiE  TURBULENCE,  UD  BISTORHON  VS.  RM  FACE  NACH  NUMBER 
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CONHGURATION  ; REA01N6  NUMBERS  itKoA 
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KCOVERY,  AVERAGE  TURBULERCE , AM)  OISTORTIOR  VS.  FAR  FACE  RACH  RURBER 
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C0NFI6URATI0N  ; READIN6  NUMERS  itSi. 

flEESTRE/W  VELOCITY  - iSfi.  knots  ; RNSLE  OF  RTTACK  ■ 2°.  Beg.  ; SIDESLIP  ANGLE  • ®_deg. 
PMA  OPERATING  POINT  VALUES  : H2“  ; REC»  ; TURB-  ■ ; DIST- 


303 


KCOVERY.  AYERA6E  TURBULEMCE.  MO  OtSTORTIOil  VS.  W IIUWER 

CONneURATlOR  -fi-  ; REAOIRS  MOMEW  .-nr  - o <<*ci 

FIEESTREM  VELOCITY  - Z2S  knots  ; WaE  OF  ATTACK  • Wrr- 

RMA  0RERATIR6  POINT  VALUES  : «2"  ; REC«  j3si-  i TURB-  , BIST  ^o:2iL 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


■COVflT  tm  MrCRME  TURBULENCE  VS.  MKLE  OF  ATTACK 

fm  r-\m  natcm  airflou.  fm  face  nacn  rimer  - 0.53 

FRECSTICAH  VOOCtn  • *mUi  SIOESLIF  ANttE  • _o_  4 
CONFieURAnOi;  MKR  8 ; BCSCRIFTIOR  itT L,i, : an 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


306 


T2'hAX  ■ 
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KCOVERY.  AVERAGE  TtMULENCE,  AM&  DISTORTION  VS.  FAN  FACE  NACH  NUMBER 
CONFIOIRATION  ; READING  NUMBERS 

FIEESTREAN  VELOCITY  ■ ^ knots  ; ANGLE  OF  ATTACK  • U£  dog.  ; SIDESLIP  ANGLE  - .2.  deg. 
FIMA  OPERATING  POINT  VALUES  ; M2"  2i^  ; REC-  -W  ; TORB-  ; DIST- 
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lECOVERY.  AVERAGE  TURBULENCE.  AM)  DISTORTION  VS.  FAN  FACE  NACH  NUMBER 
CONHGURATION  ^ \ READING  NUMBERS  l.lg± 
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FIEESTREAN  VELOCITY  - J2.  knots  ; ANGLE  OF  ATTACK  - US.  d<9.  ; SIDESLIP  ANGLE  - £_  deg. 
PIMA  OPERATING  POINT  VALUES  ; M2"  ; REC«  ; TURB-  .o3«/  ; OIST-  .n? 


394 


lECOVERY.  AVERAGE  TURBULENCE.  AMO  DISTORTION  VS.  FAN  FACE  NACH  NUffiER 
CONFIGURATION  Jl.  ; READING  NUMBERS 

FREESTREAN  VELOCITY  - knots  ; ANGLE  OF  ATTACK  - J2_  deg.  ; SIDESLIP  ANGLE  - ^ deg, 
PAHA  OPERATING  POINT  VALUES  : M2-  £iIL  ; REC-  ..jjZl  ; TURB-  1 P^ST- 
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lECOVERY.  AVERAGE  TURBULENCE.  AMO  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 


CONFIGURATION  JL.  ; READING  NUMBERS  tizj-t32C. 

FREESTREAN  VELOCITY  ■ US.  knots  ; AMGLE  OF  ATTACK  ■ deg.  ; SIDESLIP  ANGLE  ■ Sl,  deg. 
RAMA  OPERATING  POINT  VALUES  ; M2-  <?-S3  ; REC-  .<?7S  ; TURB-  .00^  ; dIST-  .Q^i 
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KCOVERY.  AVERAGE  TURBULEIKE.  «D  USTORTION  VS.  fWI  FACE  NACH  NUMBER 
CONnGURATION  ; READING  NUMBERS  (iAl- 

FREESTREAN  VELOCITY  - J2e  knots  ; ANGLE  OF  ATTACK  - iiS.  Beg.  ; SIDESLIP  ANGLE  - A deg. 
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KCOVERY.  AVERA6E  TUTOULENCE,  ARO  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  JL.  ; READING  NUMBERS  *3^’ >338 
REESTREAM  VELOCITY  - 131  knots  ; ANGLE  OF  ATTACK  - 23.  Beg.  ; SIDESLIP  ANGLE  - £.  deg. 
MUA  OPERATING  POINT  VALUES  ; M2«  ; REC-  ; TUR8-  .0/5  ; OIST-  .</Q 
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ORIGINAL  PAGE  iG 
OF  POOR  QUALITY 


KCOVERY.  AVERAGE  TURBULENCE.  AH)  OtSTORTION  VS.  FAN  FACE  HACK  NUMBER 
CIMHGURATIOR  JL  ; KEAOfNG  NUMBERS 


FREESTREAN  VELOCITY  - luMts  ; ANGLE  Of  ATTACK  - M2  Beg.  ; SIDESLIP  ANGLE  - deg. 
FIMA  OPERATING  POINT  VALUES  ; M2«  0.53  ; NEC-  ; TURB-  .03T  ; OIST- 
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tECOtCTT 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


TiffliT  m unum  turmileiicc  vs.  mnle  of  attack 

MA  f-m  NATO!  AIRaOH.  FW  FACE  NACM  MMER  - 0.S3 
FROSTKAH  vaOCIH  • SIOESLIF  ANCLE  • 4tfl. 

CONFIOURATNi:  MKR  ;/  ; RCSCRtFTION  hroop  LloJ  ax  - Z 
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JVNLE  «F  ATTACK  . tefTMt 
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3AV/21 


DISTORTION  VS.  ANGLE  OF  ATTACK 
PMA  F-100  MATCH  AIRFLOW.  ENGINE  FACE  MACH  NUMBER  - 0.53 
FREESTREAM  VELOCITY  knots;  SIDESLIP  ANGLE  degrees 

CONFIGURATION:  NUMBER  JJ_  ; DESCRIPTION  JiAooP  A;t-Z 


ANGLE  OF  AmCK 


Degrees 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


wmatf  m mtcime  luttuiEiicE  vs.  w6le  of  attack 
MM  #>tii  NKTCM  AIRFUM.  FM  FACE  MACH  NUMCR  • 0.S3 
MCCSTlfiM  VOOCITT  • ImmU:  SIOCSIIF  ANCLE  • tftfl. 


0 » 40  <0  M 100  120 


• M 40  M 10  100  120 

MMLC  OF  ATTACK  • tefrMt 
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RECOVERY,  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FREESTREAM  VELOCITY 
ANGLE  OF  AHACK  -_Q_  DEGREES 


0 40  80  _ 120 

FREESTREAM  VELOCITY  - KNOTS 
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COM.  STATION 


407 


408 


COWL  STATION 


COWL  LIP  EXIT  RAKE  TOTAL  PRESSURE  PROFILE 
TOTAL  PRESSURE  RATIO  VS.  RAKE  HEIGHT  RATIO 


COHFIGURATIOH:  HUMBER 


//  •-  descriptioh  yo*  l>p  ^ 


FREESTREAM  VELOCITY  knots 

ANGLE  OF  ATTACK  ■ <?,_  degrees 

SIDESLIP  ANGLE  •_fi_degrets 

ENGINE  FACE  MACH  NUMBER  - 


i9 


cow.  LIP  EXIT  RAKE  TOTAL  PRESSURE'  PROHLE 
TOTAL  PRESSURE  RATIO  VS.  RAKE  HEIGHT  RATIO 

CONFIGURATION:  wi>«F»  /t  DESCRIPTION  z 


FREESTREAM  VELOCITY  knots 

AhGLE  OF  ATTACK  degrees 

SIDESLIP  ANGLE  •_<2_  degrees 

ENGINE  FACE  MACH  NUMBER  - -52? 


H-  2.870  in. 


H 

''cowl  I 


^^T^COWl'^^T^ FREESTREAM 


COWL  Ilf  EXIT  RAKE  TOTAL  fRESSURf  PROFILE 
TOTAL  PRESSURE  RATIO  VS.  RAKE  HEIGHT  RATIO 


C0HFI6URATI0N:  HUMBER  _ll_;  OESCRIPHOH 


FREESTREAM  VELOCITY  knots 

/AGLE  of  AHACK  -_2fi^do9roes 

SIDESLIP  ANGLE  -_fi_d*art#$ 

ENGINE  FACE  MACH  NUMBER  ■ 


KCOVERY.  AVEM6C  TUmULENCE.  MO  OrSTORTION  VS.  FAN  FACE  MACH  NUMER 


CONnontATION  ; READINC  NUMBERS 

MEESTIEAN  VELOCITY  ■ _2.  knots  ; MOLE  OF  ATTACK  - £2.  Beg.  ; SIDESLIP  ANGLE  - ^ deg. 
nUA  OPERATING  POINT  VALUES  ; O-Ss  ; REC-  ; TURB-  ; DIST-  -o?-? 
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lECOVERY.  AVERAGE  TURBULENCE.  AW  OISTORTION  VS.  FAN  FACE  MACH  NUMBER  - 
CONHGURATION  ; REAQfNC  NUMBERS  /3A3-/3LB 


REESTREAM  VELOCITY  - knots  ; AfiaE  OF  ATTACK  - ^ deg.  ; SIDESLIP  ANGLE  - deg. 
nUA  OPERATING  POINT  VALUES  : c.Sy  ; reC-  ; tuRB-  •‘>^3  ; DIST-  .iS^^ 
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lECOVERY.  AVERA6E  TURBULENCE.  MO)  SHTORTION  VS.  FM  FACE  MACH  NUMBER 
CONFIGURATION  Jj.  ; READING  NUMBERS 

FREESTREAN  VELOCITY  • Jo  ; ANGLE  OF  ATTACK  - Beg.  ; SIDESLIP  ANGLE  - jg.  deg. 
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lECOVERY,  AVERAGE  TURBULENCE.  AW)  OTSTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  IS.  ; READING  NUMBERS 

niEESTREAM  VELOCITY  - knots  ; ANGLE  OF  ATTACK  - Boo.  ; SIDESLIP  ANGLE  - deg. 
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KCOVERY,  AVERAfiE  TURBULENCE,  AM)  BISTORTION  VS.  FAN  FACE  MACH  NUMBER 
■Bcrenr.,.  COf^ISURATION  2A  ; READING  NUMBERS  /3B/-/38U 

REESnEAM  VELOCITT  - knots  ; ANGLE  Of  ATTACK  - .a  dog.  ; SIDESLIP  ANGLE  - deq 
MMA  OPERATING  POINT  VALUES  : Mg-  AgS  ; NEC  ; TURB:  ; Slil-  ^ 
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KCOVERY,  AVERAGE  TURBULENCE,  AMO  BISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  ; READING  NUMBERS  ^JS7-/3?z 
FREESTREAM  VELOCITY  - kiwts  ; ANGLE  OF  ATTACK  - .2£  Geg.  ; SIDESLIP  ANGLE  - .2.  deg. 
RAMA  OPERATING  POINT  VALUES  : M2-  ; REC"  iSii.  ; TURB-  ; DIST»  Alifl- 


lECOVERY,  AVERAGE  TURBULENCE.  AMO  OTSTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  IL  ; READING  NUWERS  /393-/3?8 
FREESTREAM  VELOCITY  - knots  ; ANGLE  OF  ATTACK  - deg.  ; SIDESLIP  ANGLE  - ^ deg. 
PIMA  OPERATING  POINT  VALUES  ; M2*  o S3  ; REC«  ; TURB-  -OSM  ; DIST- 
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RECOVERY,  ^)[^^£J|MU1-ENCE,  RRO  OrSTORTION  VS.  FAN  FACE  MACH  HUMBER 
FNFFSTBFAM  wnivfTy  ^ i READING  NUMBERS 

^rSJ?Rln2  i AMfl-E  OF  ATTACK  - ^ d«g.  ; SIDESLIP  ANGLE  - ^ deg. 

I ^ ygRATING  POINT  VALUES  ; M2«  ; REC-  JfcL  ; TORE-  .oZt>  ; qIST-  .081  ® 


419 


lECOVERY,  AVERAGE  TURBULERCE.  AMD  OrSTORTIOR  VS.  FAR  F«E  HACH  RUMBER 

CORFIGURATIOR  lA.  ; READIRG  RUHBERS  

FIEESTREAH  VELOCITY  • _2£  knots  ; ARGLE  OF  ATTACK  ■ ^ deg.;  S^^LIP  JRttE  • ^eg. 
MUA  OPERATIRG  POIRT  VALUES  : R2“  j REC»  :3id-  i TURB-  — . OIST  X 
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RECOVERY.  AVERAGE  TlffiSULENCE.  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONHGURATION  Ji,  \ READING  NUMBERS 

FREESTREAM  VELOCIH  - knots  ; ANGLE  OF  ATTACK  • hS.  Geg.  ; SIDESLIP  ANGLE  • .2.  deg. 
FIMA  OPERATING  POINT  VALUES  ; M2«  a ; REC-  ; TURB-  ; OIST- 


421 


lECOVERY.  AVERAGE  TURBULENCE.  AMO  DISTORTION  VS.  FAN  FWE  MACH  NUMBER 
CONFIGURATION  dJL.  ; READING  NUMBERS 

FIEESTREAM  VELOCITY  - JfiL  knots  ; ANGLE  OF  AHACK  • JSL  «<eg.  ; S^ESLIP  AN^E  - — ‘*«9- 
RiUA  OPERATING  POINT  VALUES  : M?-  jSLSL  \ REC-  ; TURB»  ; DIST-  tXli. 
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KCOVERY.  AVERAGE  TURBULERCE,  AM)  OtSTORTION  VS.  FAR  FACE  MACH  HUMBER 
CORFIGURATIOM  2A,  ; READIR6  RUMBERS  /VJg-  /VJ? 

FREESTREAN  VELOCITY  ■ ^ knots  ; ANGLE  OF  ATTACK  • UO_  deg.  ; SIDESLIP  ANGLE  - © deg. 
PINA  OPERATING  POINT  VALUES  : H2“  0 ^3  ; rec-  ; TURB-  .g3~7  ; DIST«  ^ 

“ ttWH!lll!'i|'‘i'Ea 
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KCOVERY,  AVERAGE  TURBULEMCE.  AU  OrSTORTION  VS.  FAR  FACE  MACH  NUMBER 
CONFIGURATION  ; READING  NUMBERS  .H38- 

FREESTREAM  VELOCITY  - knots  ; ANGLE  OF  ATTACK  - .2.  deg.  ; SIDESLIP  ANGLE  - 2-  deg. 
PAHA  OPERATING  POINT  VALUES  ; M2-  0-53  ; REC-  iM-  ; TURB-  ; OIST-  ,020. 
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lECOVERY.  AVERAGE  TURBULENCE.  AU  OTSTORTION  VS.  FAN  FACE  PIACH  NUMBER 
CONFIGURATION  ; READING  NUMBERS  /Vvy-zw? 

FIEESTREAN  VELOCITY  ■ /iff  knots  ; ANGLE  OF  ATTACK  ■ ^ deg.  ; SIDESLIP  ANGLE  - jb.  deg. 
PAHA  OPERATING  POINT  VALUES  : H?-  ; rec-  ; TURB-  .Q/2  ; DIST-  -o*?! 
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RECOVERY.  AVERAGE  TURBULENCE.  MO  OTSTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  ; READING  NUMBERS 

FIEESTREAM  VELOCITY  - 122.  kiwts  ; ANGLE  OF  ATTACK  • deg.  ; SIDESLIP  ANGLE  • deg. 
PAHA  OPERATING  POINT  VALUES  ; M2"  ; REC-  ; TURB-  i£LL_  ; DIST-  *IOJ 


427 


tECOVERY.  AVERAGE  TURBULENCE.  AMD  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  ; READING  NUMBERS  J*fc.S 

FIEESTREAM  VELOCITY  - Oa.  knots  ; ANGLE  OF  ATTACK  - 72.  deg.  ; SIDESLIP  ANGLE  - J2.  deg. 
PiUA  OPERATING  POINT  VALUES  : M2-  ; REC-  -<^S1  ; TURB-  ; dIST-  -117 
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HECOVERY 


HECOVERY,  AVERAGE  TURBULEMCE.  AND  OISTORTIOM  VS.  FAR  FACE  MACH  NUMBER 
CONFIGURATION  J2.  ; READING  NUMBERS  . libk-lH7L 
FREESTREAM  VELOCITY  -122  knots  ; ANGLE  OF  ATTACK  • .22.  deg-  ; SIDESLIP  ANGLE  - .2.  deg. 
PAUA  OPERATING  POINT  VALUES  : M?-  Q-5-3  ; REC-  -*Il5  ; TURB-  • ; dIST- 
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KCOVERY,  AVERAGE  TURBULENCE,  AMO  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATIM  J£.  ; READING  NUMBERS  i ‘iTi-  H7? 

FIEESTREAN  VELOCITY  - iifi  knots  ; ANGLE  OF  ATTACK  - 112.  deg.  ; SIDESLIP  ANGLE  - 2_  deg. 
RAMA  OPERATING  POINT  VALUES  : M2«  ; REC-  >867  ; TURB-  -OMI  ; DIST-  . l-St^ 
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RECOVCRT 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


■BMOT  m MCRME  TURMHENCE  VS.  MCLE  OF  ATTACK 
MM  fAm  NATCH  AIRaOW.  FAN  FACE  NACH  NUPSER  > 0.53 
MCnTWM  VaOCITT  • NmU;  SIOESLIF  ANaE  • o tf»g. 


• to  At  It  » 100  120 


NMLC  OF  ATTRCR  • t»frMS 


432 


TZ'MAX  “ ^'^T2'MIN 


DISTORTION  VS.  ANGLE  OF  ATTACK 
P&MA  F-100  MATCH  AIRFLOW,  ENGINE  FACE  MACH  NUMBER  • 0.53 
FREESTREAM  VELOCITY  • 3£L  knots;  SIDESLIP  ANGLE  • _i2_  degrees 
CONFIGURATION:  NUMBER^;  nFSrRTPTTON  £>^oor  i->r  : — 


433 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


•iCOIfIT  MB  MCRME  TURBULCIKE  VS.  MCLE  OF  ATTACK 
MM  MM  MTOI  AIRFUM.  FM  FACE  MACH  NUMiCR  - 0.53 
FtEESTlCM  VCLOCfTT  • kMti:  SIOESLIF  ANCLE  • 0»g. 


• to  40  M 10  100  120 


AfNLE  OF  ATTACK  - BifrMt 
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RECOVERY,  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FREESTREAN  VELOCITY 
ANGLE  OF  AHACK  -_o_  DEGREES 
SIDESLIP  ANGLE  -_J1_  DEGREES 
PtWA  F-IOO  HATCH  AIRFLOW 
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COWL  STATION 


437 


COWL  STATION 


438 


COWL  STATION 


COWL  LIP  EXIT  RAKE  TOTAL  PRESSURE  PROFILE 
TOTAL  PRESSURE  RATIO  VS.  RAKE  HEIGHT  RATIO 

CONFIGURATION:  NUHBER  /&_;  DESCRIPTION  Vg*  (>*00/: — 
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COWL  LIP  EXIT  RAKE  TOTAL  PRESSURE  PROFILE 
TOTAL  PRESSURE  RATIO  VS.  RAKE  HEIGHT  RATIO 

COHFIGURAnOH:  HUMBFR  IZ  DFSCRIPTTOW  V 
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covn.  LIP  EXIT  RAKE  TOTAL  PRESSURE  PROFILE 
TOTAL  PRESSURE  RATIO  ¥S.  RAKE  HEIGHT  RATIO 


COHFIGURAnON:  HUMBER  _£i_;  OESCRIPTIOH 


RECOVERY.  AVERA6E  TURBULENCE.  MU)  DISTORTION  VS.  FAN  FACE  NACH  NUMBER 
..  CONFiaiRATION  Jl.  ; READING  NUMBERS 

kiiots  ; ANGLE  OF  ATTACK  ■ ,££  deg.  ; SIDESLIP  ANGLE  ■ ^ dea 
’’1 ’ DIST-  .Qi»? 


FAN  FACE  MACH  NUMBER  Eiil 
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KCOVERY,  AVERAGE  TURBULERCE,  AH)  OISTORTION  VS.  FAR  FACE  RACK  RUHBER 
COHHflJRATKM  Z2.  ; RCADIIIS  MUMBCRS  JiM'  fVtJL. 

FIEESTREAN  VELOCITY  - knots  ; ARGLE  OF  ATTACK  - ^ deg.  ; SIOESLIP  ARGLE  ■ ^ rf«9- 
PWA  OPERATIRG  POIRT  VALUES  : ^2“  ; REC»  ,3SSL  ; TURB-  j£22—  ; DIST-  tSlZ. 
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HECOVERY,  AVERAGE  TURBULENCE.  A»  OISTORTION  VS.  FAN  FACE  PUCK  NUMBER 
CONFIflHRATION  LZ.  ; READING  NUMBERS  /V9<^~  /WF 
FSEESTREAN  VELOCITY  - Jd2  knots  ; ANGLE  OF  ATTACK  - 20  deg.  ; SIDESLIP  ANGLE  - JS.  deg. 
RAMA  OPERATING  POINT  VALUES  ; M2«  ; REC-  .*»Sl  ; TURB-  ; OIST-  .o^c. 
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RECOVERY.  AVERAGE  TURBULENCE.  AMO  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  L2-  ; REAUNC  NUMBERS  /■Soo-/JO£ 

FREESTREAN  VELOCIH  - knots  ; ANGLE  OF  ATTACK  - ±S  deg.  ; SIDESLIP  ANGLE  > £.  deg. 
PAHA  OPERATING  POINT  VALUES  : M2-  ^-S3  ; REC-  ; TURB-  ; DIST-  .,£33. 
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lECOVERY.  AVERAGE  TUfSULENCE.  ARO  OfSTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFISURATION  JJ.  i READING  NUMBERS  /Sex,-/ So. 

FIEESTREAN  VELOCITY  • jSL  knots  ; ANGLE  OF  ATTACK  - 22  Ueg.  ; SIDESLIP  ANGLE  • ^ deg. 
PBMA  OPERATING  POINT  VALUES  ; W2*  0-^3  ; rec«  ; TURB-  .QZfl  ; OIST-  .iH 
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iECOVERY,  AVERAGE  TURBULERCE,  AMO  OrSTORTIOR  VS.  FAR  FACE  RACH  RUMBER 
CORFIGURATIOR  H.  \ REAOXRG  RUMBERS 

FREESTREAN  VELOCITY  - knots  ; ANaE  OF  ATTACK  • 32.  Aeg.  ; SIDESLIP  ARGLE  ■ .2.  deg. 
PiUA  0PERATIR6  POINT  VALUES  : M2"  * REC«  i3iL  ; TURB*  f03l  - ; OIST- 
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KCOVERY.  AVERAGE  TURBULENCE.  AID  DISTORTION  VS.  FAN  FACE  MACK  NUMBER 


CONFIGURATION  JJ.  ; READING  NUMBERS 

REESTREAM  VELOCITY  - knots  ; ANGLE  OF  ATTACK  - UA  deg.  i SIDESLIP  ANGLE  - ^ deg. 
PWA  OPERATING  POINT  VALUES  : M2"  g -S3  ; rec-  ; TURB-  ; DIST-  ./// 
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lECOVERY,  AVERAGE  TURBULENCE.  AW  MSTORTIOR  VS.  FW  KACH  NUMBER 
CONFIGURATION  IL  ; READING  NUWERS  YW' 

FREESTREAN  VELOCIH  - JL2  knots  ; ANGLE  Of  AHACK  ■ ^ dog.  ; SIDKLIP  MGLE  • ^deg. 
PAHA  OPERATING  POINT  VALUES  : M2«  Mi.  ; REC"  .JSS,  ; TURB-  ■ ; DIST-  a£21. 
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lECOVERY.  AVERAGE  TURBULENCE.  AH)  OTSTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  22.  ; READING  NUMBERS  iS3i-  lS3fc 
niEESTREAN  VELOCITY  • JQ.  knots  ; ANGLE  OF  ATTACK  - i£.  deg.  ; SIDESLIP  ANGLE  - ^ deg. 
MMA  OPERATING  POINT  VALUES  : M2-  0 53  ; REC-  -TtZ  ; TURB-  .oto  ; OIST« 
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KCOVERY.  AVERA6E  TUWULE1ICE.  «D  BtSTORnON  VS.  FM  FACE  MACH  NUHBER 
CONFIGURATION  J2.  ; READING  NUMBERS  1 837- IS, 

FREESTREAN  VELOCITY  - ^ knots  ; ANGLE  OF  ATTACK  - ^ deg.  ; SIDESLIP  ANGLE  - .2.  deg. 
FtUA  OPERATING  POINT  VALUES  : N2-  0-33  ; REC-  J3i^ ; TURB-  ig?P  ; DIST- 


jg?P 
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lECOVERY.  AVERAGE  TURBULENCE.  AND  OtSTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONnOIRATION  12.  ; READING  NUMBERS  iaVW-iSH«l 
FIEESTREAM  VELOCITY  - knots  ; ANGLE  OF  ATTACK  ■ ^ deg.  ; SIDESLIP  AN0.E  ■ deg. 
^ OPERATING  POINT  VALUES  : Mj-  0>S^  • REC-  .137  t TURB-  .0^7  ; DIST-  -/r? 
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tECOVERY.  AVERAGE  TURBULENCE.  AMO  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  12l  ; READING  NUMBERS  .iSfiQ-lgSS- 
FREESTREAM  VELOCITY  ■ knots  ; ANGLE  OF  AHACK  - 3fl.  deg.  SIDESLIP  ANGLE  • J2_  deg. 
PBUA  OPERATING  POINT  VALUES  : M2-  6.53  ; REC-  ; TURB-  „22lL.  i PI  ST- 
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KCOVERY.  AVERAK  TURBULENCE,  AND  OTSTORTION  VS.  FAN  FACE  NACH  NUMBER 
CONFIGURATION  JJ.  ; READING  NIMERS  i^SL-iSU 
FIEESTREAN  VELOCITY  ■ ^ knots  ; ANGLE  OF  ATTACK  - Jifl  deg.  ; SIDESLIP  ANGLE  - ^ deg. 
PlUA  OPERATING  POINT  VALUES  : H2-  0-S3  ; rec-  .«»po  ; TURB-  -p37  ; dIST-  -/vo 
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lECOVEftY,  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
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covn.  LIP  EXIT  RAKE  TOTAL  PRESSURE  PROFILE 
TOTAL  PRESSURE  RATIO  VS.  RAKE  HEIGHT  RATIO 
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RECOVERY 


KCOVERY.  AVERAGE  TURBULERCE,  AMD  OISTORTION  VS.  ^ F^E  MACH  HUMBER 

COHFIGURATIOH  2J.  ; READIHG  MU»ERS  c . o dea 

FREESTREAM  VELOCITY  - JO,  knots  ; W6LE  OF  ^JJ**^*^  JJsT-  ^ 

PAHA  OPERATING  POINT  VALUES  : M2-  J REC-  ilS£  ; * r ^--r-  — 


505 


506 


HECOVERY,  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  UL  ; READING  NUMBERS 

FREESTREAM  VELOCITY  - M.  knots  ; ANGLE  OF  ATTACK  - deg.;  SIDESLIP  ANGLE  - ^eg. 
PAUA  OPERATING  POINT  VALUES  : M2-  J2JLL  ; REC-  j3£s.  ; TURB-  .*^22^  ^DIST 

1;:^  t t T 1 1 -1 
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508 


KCOVERY,  AVERAfiE  TURBULEHCE,  AMO  OrSTORTION  VS.  FAR  FACE  MACH  NUMBER 
CONFIGURATION  22.  ; READING  NUMBERS 

FREESTREAM  VELOCITY  • .22.  knots  ; ANGLE  OF  ATTACK  • SSL  deg.  ; SIDESLIP  ANGLE  - .fi,  deg. 

PUA  OPERATING  POINT  VALUES  : M?-  QJ2.  ; REC-  JLL  : TURB-  ; DIST- 
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RECOVERY.  AVERAGE  TURBULENCE.  AND  OTSTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  XL  ; READING  NUMBERS  1723-1-72^ 

FREESTREAM  VELOCITY  ■ 12.  knots  ; ANGLE  OF  ATTACK  • deg.  ; SIDESLIP  ANGLE  • ^ deg. 
PWA  OPERATING  POINT  VALUES  : M2-  o-^  ; REC-  -0//  ; TURB-  «0V0  ; OIST-  ./gg 


510 


«ECOVERY,  AVERAGE  TURBULERCE,  AND  OtSTORTIOH  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  JS.  ; READING  NUMBERS  .gTAV-  S7^V.. 

FREESTREAM  VELOCITY  - knots  ; ANGLE  OF  AHACK  - _2.  deg.  ; SIDESLIP  ANGLE  - deg* 
FIMA  OPERATING  POINT  VALUES  ; M2-  AS2.  ; REC-  o2tZ  ; TURB-  -o'l-  ; DIST-  .i2«i 
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KCOVERY,  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  IS.  ; READING  NUMBERS  Z73S-7.-7W 
FREESTREAM  VELOCITY  - J2o  k„ots  ; ANGLE  OF  ATTACK  - Ig.  deg.  ; SIDESLIP  ANGLE  • deg. 
PMA  OPERATING  POINT  VALUES  : M2-  0-53  ; REC-  ; TURB-  .0/T  ; DIST-  -^osi 


512 


UCCOVERY,  AVERAGE  TURBULENCE,  MO  OTSTORTIOH  VS.  FAR  FACE  MCH  HUMBER 
CONFIGURATION  IL  ; READING  NUMBERS 

FREESTREAN  VELOCITY  ■ JiA  knots  ; ANGLE  OF  ATTACIL  ■ fiS.  deg.  ; SIDESLIP  ANGLE  - ^ deg. 
PWA  OPERATING  POINT  VALUES  : M?-  Q-^2.  ; REC-  .J52.  ; TURB-  ; OIST-  iSQiL. 

' ■ 1^1 
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RECOVERY,  AVERAGE  TURBULENCE.  AND  OTSTORTION  VS.  FAN  FACE  MACH  NUMBER 


514 


HECOVERY,  AVERAGE  TURBULENCE . AMO  DTSTORTIOH  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  ; READING  NUMBERS 

FREESTREAM  VELOCITY  ■ >20  knots  ; ANGLE  OF  ATTACK  ■ 12.  <l«g.  ; SIDESLIP  ANGLE  • ^ deg. 
PWA  OPERATING  POINT  VALUES  : M?-  ; REC-  ; TURB-  .p3B_  ; dIST-  ,212. 

i;  1 
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KCOVERY,  AVERAGE  TURBULENCE,  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 


516 


WCOtCTt 


ORIGINAL  PAGE  !S 
OF  POOR  QUALITY 


KOeVERT  MB  MCRME  TURBULENCC  VS.  M«LC  OF  AHACK 
NMA  MOB  NATCM  AXRaOM.  FM  FACE  MACH  NUMBER  - 0.53 
PtCESTROR  VELOCITT  • Niwt*;  SIOPSLIF  AHaE  • 


jyMLI  OF  ATTACK  - Bitr— i 


517 


RCCOfCRT 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


m maim  TtMuioicc  vs.  mmle  of  attack 
ik^iii  mvti  AIWLOM.  FM  race  men  romkr  - o.s3 

■jaVT  • SIOCSLIF  AMLE  • «•«. 

Thick  Itfcfj  Rijkf-  /hv  Horn 


PlifaliHtllliilliilllNI ,iU  III  1^^^ 
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RCCOVCRT 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


MwmT  m wcMa  turmlence  vs.  mnle  of  attack 

WMR  P-tOt  NKTCN  AUtFlOM,  FAR  FACE  RACK  ROWER  ■ 0.53 
WtESTREAP  VCLOCITT  • ,zo  kMts;  SIOESLIF  AMLE  • _o_  Atfl. 

CORFIODRATNi:  WWO  MSCRIFTIOH  ~7kick.  InU.t’  ] P)ux  C>  - Par  f" 


l|MLE  OF  ATTACK  - OtfraM 


520 


RECOVERY.  AVERAGE  TURBW.ENCE,  AND  DISTORTION  VS.  FREESTREAM  VELOCITY 
ANaE  OF  AHACIC  -_o_  DEGREES 
SIDESLIP  ANGLE  - o DEGREES 


FREESTREAM  VELOCITY  - KNOTS 


Configuration  15  = 80  Knots  a = 90°  EFMN  = 0.526 

Thick  Lip  Inlet,  Right  Auxiliary  [nlet  Open 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


522 


COWL  LIP  EXIT  RAKE  TOTAL  PRESSURE  PROFILE 
TOTAL  PRESSURE  RATIO  VS.  RAKE  HEIGHT  RATIO 


CONFIGURATION:  NUMBER  flP<;rRTPTTnN  Thick  Lip  Inlet.  Right  Auxiliary  Inlet  Open 


FREESTREAM  VELOCITY  knots 

ANGLE  OF  ATTACK  ■ 9g  dggrges 
SIDESLIP  ANGLE  degrees 

ENGINE  FACE  MACH  NUMBER  - Jui^ 


RECOVERY.  AVERAfiE  TURBULENCE.  AM)  DTSTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  lit.  ; READING  NUMBERS 

FREESTREAN  VELOCITY  • _2_  knots  ; ANGLE  OF  ATTACK  - Sf.  deg.  ; SIDESLIP  ANGLE  - ^ deg. 
PWA  OPERATING  POINT  VALUES  ; M2-  ; REC-  .VS7  ; TURB-  ; DIST-  ./oiT 


524 


RECOVERY,  AVERAGE  TURBULEMCE.  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  Jk.  ; READING  NUMBERS  .i77H’S721, 

FREESTREAM  VELOCITY  - knots  ; ANGLE  OF  ATTACK  - _fl.  deg.  ; SIDESLIP  ANGLE  • ^ deg. 
PAUA  OPERATING  POINT  VALUES  : M2-  -OiIL  ; REC-  .dUL  i TURB-  ; DIST- 
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RECOVERY.  AVERAGE  TURBULENCE.  AND  OTSTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  JJt.  ; READING  NUMBERS  i7»o-i78r 
FREESTREAM  VELOCITY  ■ M.  knots  ; ANGLE  OF  ATTACK  • £o  deg.  ; SIDESLIP  ANGLE  - .2.  d 
P«A  OPERATING  POINT  VALUES  ; M2-  o S5  ; reC-  ; TURB-  ; OIST-  .Q<?Q 
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FAN  FACE  MACH  NUMBER 


HECOVERY,  AVERAGE  TURBULENCE . AMO  OTSTORTIOR  VS.  FAR  FACE  MACH  HUMBER 
CORFIGURATIOR  JJk,  ; READING  NUMBERS 

FREESTREAM  VELOCITY  - M.  knots  ; ANGLE  OF  ATTACK  • JIL  deg.;  SIDESLIP  ANGLE  - ^ deg. 
PWA  OPERATING  POINT  VALUES  : M2*  i REC-  uZZk  ; TURB-  .xSlil-  ; DIST»  iXm. 


527 


KCOVERY.  AVERAGE  TURBULENCE.  AMD  OtSTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  JJt.  ; READING  NUMERS  z7f2-ZVf7 
FREESTREAM  VELOCITY  ■ Jio.  knots  ; ANGLE  OF  ATTACK  ■ 22,  deg.  ; SIDESLIP  ANGLE  - deg. 
fiUA  OPERATING  POINT  VALUES  : M2-  o S3  ; REC-  -fSf  ; TURB-  • ozt.  ; DIST-  . /QA 


528 


RECOVERY,  AVERAGE  TURBULENCE,  AMO  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONHGURATION  Uk  i READING  NUMBERS 

FREESTREAM  VELOCITY  - Ji.  knots  ; ANGLE  OF  ATTACK  - J2£  deg.  SIDESLIP  ANGLE  • _£  deg. 
PWA  OPERATING  POINT  VALUES  : M2«  <P,Si  i REC-  -ifgg  ; TURB-  .u££JL  ; DIST- 


529 


tECOVERY.  AVERAGE  TURBULENCE.  A«0  OISTORTION  VS.  FAN  FACE  NACH  NUMBER 


530 


lECOVCRY.  AVERAfiE  TURBULENCE.  ABO  DISTORTION  VS.  FAN  FACE  NACH  NUMBER 
CONneURATlON  Ik.  i REABIN6  NUMBERS  ,gg/g-g0i5, 

FREESTREAM  VELOCITY  - ^ knots  ; ANGLE  OF  ATTACK  - ^ deg.  ; SIDESLIP  ANGLE  • -^deg. 
PAUA  OPERATING  POINT  VALUES  ; M2"  o Si  ; REC-  J&2S.  ; TURB"  ; DIST- 
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RECOVERY.  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  PIACH  NUMBER 


532 


KECOVERY.  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  2^  ; NCAIUNG  NUMBERS  .jfliS  UfZ 
FREESTREAM  VELOCITY  • _S2.  knots  ; ANGLE  OF  ATTACK  - deg.  ; SIDESLIP  ANGLE  - ^ deg. 
PBUA  OPERATING  POINT  VALUES  : M2"  o S3  ; REC-  dkL.  i TURB-  ; DIST"  xiHSL 


533 


534 


RECOVERY.  AVERAGE  TURBULENCE,  AND  OTSTORTION  VS.  FAN  FACE  NACH  NUMBER 
CONnGURATIOR  JIl,  \ HEADING  NUMBERS 

FSEESTREAN  VELOCITY  • JSL  knots  ; ANGLE  Of  ATTACK  - 3iL  deg.  ; SIDESLIP  ANGLE  • .2.  deg. 
PiUA  OPERATING  POINT  VALUES  : M2*  ; REC-  Hit  ; TURB-  ; OIST-  ..20^ 
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536 


BECOVERY,  AVERAGE  TURBULENCE.  AMO  OtSTORTION  VS.  FAN  FACE  HACK  NUMBER 
CONFIGURATION  Jjk,  ; NEADING  NUMBERS  HUk-liSL 
FREESHtEAN  VELOCITY  • Ji£.  knots  ; ANGLE  OF  ATTACK  - JL.  deg.  ; SIDESLIP  ANGLE  - deg. 
PIMA  OPERATING  POINT  VALUES  : M2-  StSS-  ; REC-  j3J1  \ TURB-  .PIU  ..  ; OIST- 
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538 


lECQVERY.  AVERAGE  TURBULENCE.  AM)  OtSTORTION  VS.  FAN  FACE  NACH  NUMBER 
CONFIGURATION  Ik.  ; REAUNG  NUMBERS 

FREESTREAM  VELOCITY  - l2SL  knots  ; ANGLE  OF  ATTACK  - ^ deg.  ; SIDESLIP  ANGLE  • jSL  deg. 
PWA  OPERATING  POINT  VALUES  : M2-  0 ^3  ; REC-  ; TURB-  .ozs  ; OIST-  <>82 


FAN  FACE  MACH  NUMBER 


539 


540 


KECOVERY.  AVERAGE  TURBULENCE.  AM)  BISTORTION  VS.  FAN  FACE  NACH  NUNBER 
CONnaiRATION  ^ ; READING  NUMBERS  gSTl’iSTk  , 

FREESTREAN  VELOCITY  - Jiff  knots  ; ANGLE  OF  AHACK  - JSSb.  <l«g.  ; SIDESLIP  ANGLE  • ^ deg. 
PIMA  OPERATING  POINT  VALUES  ; M2*  ; REC-  .iSfl,  ; TURB-  l OIST- 
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542 


ORIGINAL  PAOE  IS 
OF  POOR  QUALITY 


wriTinT  m mcrmi  imuLWKt  vs.  mnle  tr  attkk 
MM  MM  mrai  AiRaaM.  m face  mcn  mmcr  • t.is 

MCDTVM  VfiOClVT  • feMti;  SMESLIF  MNLC  • MS. 


ifmi  m Ktnoi  • Mr-» 


543 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


HWIT  Mi  MCMME  TUMULOICC  VS.  MMLE  OF  ATTACK 
mm  f-1«  NATOI  AtMUM.  FM  MCE  HACN  MMER  - 0.S3 
PiinTRCM  VflOCtTT  • tMtS;  SIDCSLIF  AMLE  - _c_  ^ 

CONFIfiMATNi;  HMB  iESCKIFTWi  7h'§c.L  Lip  Inlet  fh>i^ 


RECOVERY,  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FREESTREAN  VELOCITY 
ANGLE  or  ATTACK  DEGREES 
SIDESLIP  ANGLE  -_jq_  DEGREES 
P&UA  F-100  HATCH  AIRFLOW 

CONFIGURATION;  number  DESCRIPTION  TUi.x  Uy  IaM  ^ A»x  I » l«-f  - Port 

1 ft 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


COWL  LIP  EXIT  RAKE  TOTAL  PRESSURE  PROFILE 
TOTAL  PRESSURE  RATIO  VS.  RAKE  HEIGHT  RATIO 


_ //^  Thick  LId  Inlet.  Bottom  Au;;i1iary  Inlet  Op^ 

CONFIGURATION:  NUMBER j£iL_;  DESCRIPTION 


FREESTREAM  VELOCITY  ■ Sg, knots 
W«GLE  OF  AHACK  degrees 

SIDESLIP  ANGLE  -_o_dMrees 

ENGINE  FACE  MACH  NUMBER  - 


H-  2.870  in 


t’’T^COWL^^’*TVREESTREAM 
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KCOVCn.  »VE«AGE  TU«BUIE»C|.  ««.»KTWTigL”%S!;.  "**” 

COHFIGURATIOII  JZ  ; READWS  NIWBERS 

FREESTREMI  VELOCITY  - knots  ; ; OIST- 

flMA  OPERATIMG  POINT  VALUES  ; JL&L  i PEC-  ^ . «ukb  ^ 
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551 


KCOVERY,  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  FACE  RACH  NUMBER 
CONFIGURATION  JZ  ; READING  NUMBERS  .itlf' 

FREESTRE/W  VELOCITY  ■ JSB.  knots  ; ANGLE  OF  ATTACK  - Z2.  Beg.  ; SIDESLIP  ANGLE  • ^ deg. 
PIMA  OPERATING  POINT  VALUES  : M2-  JLSL.  ; REC-  .tSLU  ; TURB-  -pift  - ; BIST-  j£l2Z 


552 


HECOVERY,  AVERAGE  TURBULENCE,  AW  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  XL  ; READING  NUpERS  iTfil-  ilOk 
FREESTREAM  VELOCITY  - knots  ; ANGLE  OF  ATTACK  • JSl£  deg.  ; SIDESLIP  ANGLE  • ^ deg. 
PIMA  OPERATING  POINT  VALUES  : M2-  ; NEC-  .dZi  ; TURB-  ; DIST- 


FAN  FACE  MACH  NUMBER 


553 


554 


lECOVERY,  AVERA6E  TURBULEMCE,  AMO  OISTORTIOM  VS.  FAM  FACE  MACH  NUMBER 
CONFIflIRATIOM  J2.  \ MEA0IN6  MUWERS 

FREESTREAM  VELOCITY  • knots  ; ANGLE  OF  ATTACK  • JliL  dog.  ; SIOESLIP  ANGLE  - A deg. 
FIMA  OPERATING  roiNTWLUES 
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KCOVEftr.  AVERAGE  TURBULENCE.  AID  OrSTORTION  VS.  FAN  FACE  MACH  NUMBER 
CONFIGURATION  ^ ; REAOINC  NUWERS  .£1LL:£2Z1. 

FREESTREAM  VELOCITY  - ^ knots  ; ANGLE  OF  ATTACK  • m deg.  ; SIDESLIP  ANGLE  - ^ deg 
RtMA  OPERATING  POINT  VALUES  : Mo*  o-S3  ; REC*  ; TURB*  -oz^<  ; DIST"  .ng^ 
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FAN  FACE  MACH  NUMBER 


lECOVERY.  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  FAN  ffCS.  NACH  NUMBER 
CONH  DURATION  JZ  : RCA0IN6  NUMBERS 

FREESTREAM  VELOCITY  - jL  k»»ts  ; ANGLE  OF  ATTACK  - ^ deg.  ; SIDESLIP  ANGLE  - -^  de9- 
PIMA  OPERATING  POINT  VALUES  : M2"  o S3  ; REC-  j22C  ; TURB-  .aiSL  ; DIST-  iAfiL 


lECOVERY.  AVERAGE  TURBULENCE.  AMO  DISTORTION  VS.  FAN  FACE  NACH  NUMBER 
CONrOURATION  IZ.  ; NEAPING  NUMBERS 


FREESTREAM  VELOCITY  - J&.  knots  ; ANGLE  OF  AHACK  - IS.  deg.  ; SIDESLIP  ANGLE  - .£.  deg. 
PIMA  OPERATING  POINT  VALUES  : M2«  Q g3  ; RFC-  ; TURB-  .an  ; DIST-  »o7/ 
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lECOVCRY.  AVERAGE  TURBULEMCE,  AW  OrSTORTION  VS.  FAR  FACE  RACK  NUMBER 
CONneORATION  iZ.  ; MEADIN6  NUMBERS 

FREESTREAM  VELOCITY  ■ ^ knots  ; ANGLE  OF  ATTACK  • SL  deg.  ; SIDESLIP  ANGLE  ■ .2.  deg. 
PtUA  OPERATING  POINTVALUES  : M?-  Q53  ; REC-  221.  \ TURB-  -glfl-  ; BIST- 
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lECOVERY.  AVERAGE  TURBULENCE.  AMO  DISTORTION  VS.  FAN  FACE  MACH  NUMBER 


560 


lECOVERY,  AVERAGE  TURBULENCE.  AND  DISTORTION  VS.  F«  FAtt  NACH  NUMBER 
CONFlfllRATION  XL  ; READING  MUWCRS 

FREESTREAH  VELOCITY  " knots  ; ANGLE  OF  ATTACK  - ^ deg.  ; SIDESLIP  AN^E  ■ ^ deg. 
PiUA  OPERATING  POINT  VALUES  : N2*  ; REC-  :2m.  i TURB-  ; DIST-  i.gafl- 
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562 


IIECOVERY.  AVERAGE  TURBULENCE,  AMO  OISTORTION  VS.  FAN  NACH  NUHBER 
CONFIGURATION  JO.  ; READING  NUWERS 

FREESTREAH  VELOCITY  ■ kiwts  ; ANGLE  OF  ATTACK  ■ _SL  ^*9.  ; SIDESLIP  AN^E  • ^ <le9- 
PIMA  OPERATING  POINT  VALUES  : M2“ 
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RECOVERY,  AVERAGE  TURBULENCE.  AMO  OTSTORTION  VS.  FAN  FACE  NACH  NUMBER 


CONFIGURATION  H.  ; READING  NUMBERS 

FREESTREAN  VELOCITY  ■ Ho.  knots  ; ANGLE  OF  ATTACK  ■ ^ deg.  ; SIDESLIP  ANGLE  - _2.  deg. 
MMA  OPERATING  POINT  VALUES  : M2«  ^53  ; REC-  ; TURB-  -oH  ; DIST-  -ot^r 


564 


RECOVERY.  AVERAGE  TURBULENCE.  AND  BISTORTION  VS.  FAN  FACE  NACH  NUMBER 
CONFIGURATION  JZ.  ; READING  NUMBERS  .Sf7a-If7t. 

FREESTREAM  VELOCITY  ■ JM  knots  ; «WLE  OF  ATTACK  • deg.  ; SIDESLIP  ANGLE  • Z.  deg. 
PtUA  OPERATING  POINT  VALUES  : Mg-  ^ S3  ; R£C«  ^S£L  \ TURB-  ..m3-  ; DIST- 
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KCOVERY,  A¥ERAfiE  TumULENCE.  MO  OrSTORTIOM  VS.  FMI  FACE  NACH  NUMBER 
CONFIGURATION  JJ.  ; HEADING  NUMBERS 


567 


568 


iccomt 


Mnir'lM&l  P/VGE  IS 


mwmi  m mcrmc  turmhencc  vs.  mole  of  ahack 
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has  been  generated  as  a result  of  the  testing  conducted  in  this  program.  In  [ 

addition,  experimentally  measured  surface  pressure  distribution  and  velocity  pro- 
files are  included  to  aid  in  the  development  and  refinement  of  inlet  design  and 
analysis  procedures.  | 
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